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SECTION 1

SUMMARY.

The theoretical performance of certain binaty liquid pro-

pellant systems under a wide variety of expansion conditions and mix-
ture ratios has been computed and results are presented in graphical
and tabular form. The graphs show vacuum specific impulse for area
ratios of 8, 20, and 50, sea level optimum specific impulse, char-
acteristic velocity, molecular weight and chamber temperature as a
function of mixture ratio, for both frozen and equilibrium (shifting)
expansion conditions, at chamber pressures of 300 and 1000 psi. The

tabular data are in the form of computer output sheets, and give de-
tailed performance and othcr data for all integral area ratios from
I to 50; values are also given at two larger area ratios, the values
depending on the system. Altitude effects are discussed, and tech-
niques described for computing ideal performance for any of these mix-
tures at any altitude; results are given for sea level, 10,000 feet
and 50,000 feet and vacuum as a function of area ratio for each mix-
ture for zero divergence angle. The methods used in carrying out the
computations are described briefly, with reference to more detailed
descriptions. The latest thermodynamic data are used, and a large
number of minor species are considered for maximum precision.

This portion of the work is reported in two volumes I and
III) of this Second Quarterly Report. Volume II describes the thods
used and gives results for eleven propellant systems(CiF3 -N2 H4 , -H2 ,
H2 02-B5H 9 , N2 F 4 -B 5 H9 , N2 H4 -B 5 H9 , N2 0 4 -N2 H4 , OF2 -B 2 H6 , OF2 -B 5 H9 , 0-N2H4,
02-H2, and 02-RP-I); Volume III gives results for certain claif \ d
systems.

.J -1-
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SECTION 2

INTRODUCTION

Theoretical performance calculations, even though idealized,
are useful in making preliminary comparisons of different propellant
systems. Quite obviously, such comparisons should be made under the
conditions of a specific application rather than at some arbitrary
standard condition such as optimum expansion at sea level. It is our
purpose here to provide the theoretical data needed for these more de-
tailed comparisons for certain specified liquid propellant systemq of
interest, using the latest available thermodynamic data.

This volume contains results for the following systems:

CIF3-N H4 OF2-B2H6

F 2-H2 OF 2-B H9

H202-B5H9 OF2-N2H4

N2F4-B 5H9 02-H2

N2H4-B5H O2-RP-1

N 20 -N H

-2-



I IAERONUTRONIC DVSO

I SECTION 3

CALCULATION METHODSI
i
I
I 3.1 COMPUTATION OF PERFORMANCE

a. Performance at Specific Pressures - the Pressure Profile

The performance calculation method is based on an extension of
the free energy minimization procedure originally suggested by White,
Johnson, and DantzigI anu has been described in a number of publications 2 ,3,4.
The standard assumptions are made, which include adiabatic combustion of
the reactants, isentropic expansion, perfect gas behavior, zero nozzle
divergence angle, and zero linear velocity in the chamber. Performance is
computed both for frozen expansion, in which no change in chemical compos-

ition is permitted for propellants leaving the chamber--although liquid-
solid transformations are permitted, and for the case where complete chemi-
cal and phase equilibrium is required at every point in the system. Results
are generally reported here for chamber pressures of 300 and 1000 psia. For
other pressures, or for predicting the variation in performance to be expected
by changes in the data used in the calculations, the discussions by Wilkins

I and Weiher 5 and by Gordon and Zeleznik 6 should be consulted.

The program as used is set up to compute necessary parameters at
10 exponentially spaced pressures (plus the throat and at 14.696 psia)
between the chamber pressure and an exhaust pressure which is set to be
sufficiently low that two of the points are at a nozzle area ratio greater
than the final value desired; this permits interpolation with a four-point
logarithmic routine to give values at all integral area ratios between I and
50 as desired. Complete composition, temperature, and performance data are
computed and reported at each of the profile points. The pressure profile

!
1 -3-
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points are spaced according to the relation

P
n P n/N (1)

(7-
e

where P n exhaust stream static pressure at nth pressure profile point,
n

P = chamber pressure
c

P = final exhaust pressure
e

n = profile number

N = total number of profiles specified

Impulse values are calculated at each profile point for both
optimum expansion (assuming the surroundings are at the static pressure
of the point in question) and at vacuum conditions. The equations used
are

I = 29.49534Ii- H (2)IopT 2.454•c e

X T
IVAC = IOPT + 0.86452 e1e (3)

VF lOPT

where

IOPT m optimum expansion specific impulse

IAC f vacuum specific impulse

H = chamber enthalpy, kcal/lO0 gramsc

H e f= exhaust enthalpy, kcal/lO0 gramse

Xe = moles gas/100 grams at exhaust plane

T = exhaust temperature, 0K
e

-4-
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In order to find the throat and to compute the area ratio, the
mass flow rate is first determined at each profile point, according to

P
u 2397.9 - F 7T77 (4)

e e

where P u is in gm/cm2 -sec, and PC is in psia. (This value is not printed
out on the output sheet but the necessary data are given at each profile
point.) The throat is found by locating the pressure inthe system at which
9u is a maxi-.1uil; the nozzle area ratio at any point is then

-(uet (5)I (Qu) e

I where

(t I ow rjte it n t tthroat

iu)O, = flow rate at profile point in question

li), '--.cacteristic velocity is calculated from

2262 .03

tt

I ~whe re'

"I --~I ris t i 0 loitL.v ft/~

NoLe that once (Q u)t is known, pu at any area ra'tio can be found
directly from equation (6), rather than from equation (5). The thrust
coefficient CF (dimensionless) is simply

CF = 32.174 -a (7)

I where ISE represents the specific impulse, vacuum, altitude, or F,-4
level, w ere the thrust coefficient is desired.

Densities of the various liquids at the feed temperature are
included in the input description. The bulk density is defined as

I -5-
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•B 100
. , u l k X A B ( 8 )

* (CA eB.

where XA and XB represent the weight percentages of components A and B.
This value can be used in burnout velocity comparisons or in comparisons
involving the product of density and specific impulse.

The specific heat at constant pressure (C ) requires extra
comment, as completely adequate means for finding its value as a function
of area ratio appear too expensive to be merited. The approach has been to
compute C p for both shifting and frozen conditions by the formula

H =A ±) P (HT + AT HT -AT)) (9)Cp T 2AT/
p

Where C is in cal/gm-°K, H is in kcal/IO0 grams, andA T is set at 50,
the equation reduces to

Cp H(T +4T) H (T -AT) (9a)

Th'e T of 50 was set after trials oith several larger and smaller in-
crements; this value appeared to give -the best general accuracy. The
problem with this approach is where phare changes occur within the in-
terval,*either by appearance or disappearance of a condensed phase (in
shifting expansion) or by fcoczing, which in our program can occur either
with frozen or shifting expansion. (Cp, in fact, becomes infinitu. at a
freezing point.) Further difficulties are then encountered if inter-
polation is attempted using a four-point interpolation routine, as very
high values at one profile point followed by a reasonable value aL the
next often are interpolated to give negative values in between. A variety
of techniques have been suggested to handle the problems, generally in-
volving rather complicated rests or considerable machine time. The ap-
proach which has been taken is, however, the very simple one of re-
quiring that all four points in the interpolation region decrease in
specific heat with increasing area ratio; if not,condensation, freezing,
or other unusual effects are assumed to be involved, and no value is
printed out. It is, of course, possible that specific heat values arc
normal at each point in the interval, but that a freezing point is in-
volved in the middle of one of the intervals. Errors of this nature will
not be rejected by the test procedure.

"-6-
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No 6 values have been reported,.due to the somewhat am-
biguous nature of this term, especially in the case of equilibrium ex-
pansion. The tabulated data can, however, be used to give a value
based on the particular-definition assigned. If • is defined as
follows

= •in PQ (10)

Sa value can be derived from a plot of lnP vs. In e either over an in-
terval, or by slope measurement, at a point. The value of 9 in gm/cm3

can be obtained at any point from

2.3066 Pc

C* LP IOPT

where the symbols have their previous meanings. Alternatively for
frozen expansion, ýcan be obtained from the Cp value and the molecular
weight

f pfr.
- - R. (12)

pfr M
100

where R is the universal gas constant 1.986 cal/mole- 0 K, and M is --

where 7 is the number of moles of gas per 100 grams.

It should be noted that in equilibrium expansion a value of
Srelating pressure and density over an interval (which for a diff-

erential interval is defined by equation 10), will be different numer-
ically from ý relating pressure and temperature, according to

' n1 (13)

1 - InP

as for these tfo values of to be equal (equations 10 and 13), the
molecular weight must be constantý

b. Performance at Specified Area Ratios and Altitudes

The data computed at each profile point are used to compute
data at the 7' itegral area ratios desired by four-point logarithmic
interpolation. The resulting data are given for both frozen and
shifting expansion.

*A number of meanrvalues ..an also be computed, based on the cal-
culated specific impulse or other performance parameters.

-7-
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On the interpolation output sheets, the difference between

IVAC and lOPT is termed DELVAC, rcpresenting the increment between the
vacuum and optimum expansion value; it, along with DELVAC divided by
the exhaust pressure (DELVAC/P), is used in computing impulse at spec-
ified altitude as follows

IALT = . IoT+DELVAC( i -2- (14a)

e

o, r I ELVAC) p -OPT ) (14b)
ALT VAC P

where A represents the diverx&unie angle correction and where PO repre-
sents the ambient pressure, in psia. This equation is normally used in
cases where PO is less than oi equal to P; where PO exceeds P (over
expansion) a decrease in performance below the optimum expansion value
is indicated, but the magnitude of this decrease can be greatly over-
estimated by this equation, especially at high area ratios, inasmuch as
such nozzles do not always in fact, run "full". The overexpanded case
has thus been excluded from consideration here.

The value of A depends on the particular nozzle; for an
ideal nozzle with zero divergenzc ;incle, it is equal to unity so that
the final te-rn in .•quation K4L) drops out. The_. assumption of zero
divergence was"., usj-i here to cnculate performance at sea level, 10,000
and 50,000 feet , as well as at vackum for each case. Altitude effects
are amplified in Scttion 3.

3.2 THERMODYNAMIC DATA*

Thermodynamic data employed in these calculations are the
latest values reported in the JANAF tables. One species, C 2 H, has been
added, based on the work (,f liildenbrand7; this species is not important
in these runs. The data as ns-ed be in at 298 0 K so that the very few
points reported on the computer output sheets at extreme expansion
ratios which are calculated to have temperatures lower than 298 0 K must
be considered suspect. In general, a large number of normally relatively
unimportant species have been included in these computations in order to
obtain the maximum precision at all stoichiometries. The summary sheets
show compositions (moles/lO0 grams) to four decimal places. The computer
program, however, does not reject a species as being zero until its mole
number is less than 10-6.

*Propellant heats of formation are discussed in Vol. III of this report.

-8-
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The heat of formation used for BOF(g) was -143.00 kcal/mole.
This value is in close agreement with the value of -144.00 recently
reported by Hildenbrand 8 . Note that the heat of formation value used
for each species is given in the printout; this usually is the most
important single thermodynamic datum, and yet is often the most un-
reliable. Values used for propellant heats of formaLion are also

shown on the printout. The printing out of these values will aid in
interpretation of these results in the future, should new heat of
formation data become available.

3.3 ALTITUDE EFFECTS

I The conventional comparison of propellants on an impulse basis
at sea level optimum expansion is convenient, but, as noted earlier, not
necessarily definitive. A somewhat better approach might involve a
"trajectory-averaged impulse" at a given area ratio, but the computation
of such a value would be expensive to obtain and limited in significance
to a particular mission. An easier approach, which we have selected, is
to compute performance at specified area ratios at three arbitrary alti-
tudes and vacuum, which correspond roughly to the conditions encountered
by a first-stage booster where 0, 25, 50, and 100 percent of the fuel

I is burned.

In order to select the altitudes for specific impulse calcula-
tions, an equation was derived for the altitude of a first-stage booster

as a function of fraction of fuel consumed, assuming no drag, neglecting
impulse variations with altitude, and assuming a straight line trajectory
and a flat earth. The equation is as iolloý:s:

1 _ __2 Tt _ _ _ _'t P

2 2boPF
Ssp ccos9 1 )oF 1n - gtoT P( lk I I )J ¼ bo 2

I h T sp sp

where h = altitude, feet

Isp specific impulse, sec

gc =conversion constant, 32.174 lb.mass-ft/lb.force-sec
2

I 9= firing angle from vertical

T = initial thrust/gross weight ratio

tbo = total burning time, sec

* F = percentage fuel consumed

g = local accelerltion of gravity, assumed constant at
32.174 ft/sec -9-

9
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This equation gives the .following results for a case where tbo = 150 sec,
T = 1.5, Isp = 300 sec, (mbo/MInitial 0.25), for vertical and 300 off-.
vertical firings:

9= 00 9 =300

PF h ft h/hbo PF hft h/hbo

0.25 1.4 x 104 .03 0.25 9.1 x 103 .03

0.50 6.7 x 104 .16 0.50 4.6 x 104 .15

0.75 2.0 x 105 .51 0.75 1.5 x 105 .48

1.0 4.1 x 105 1.00 1.0 3.1 x 105 1.00

Note that 25 percent of the fuel is burned in achieving
3 percent of burnout altitude, and 50 percent of the fuel is consumed in
reaching 15-16 percent of burnout altitude. Note also, that about 25 per-
cent of the fuel is burned by the time 10,000 feet is reached, and about
50 percent by the time 50,000 feet is reached.

In order to check the validity of these results, an accurate
computation, obtained by numerical integration on a computer for a typical
first-stage trajectory, and including all the factors neglected in the
simplified analysis was obtained for comparison, with results plotted in.
Figure 1. In this real case, 25 percent of the fuel is consumed at the
10,000 ft. mark and 52 percent at the 50,000 ft. mark.

Based on these considerations, computations of theoretical im-
pulse were made at the 10,000 and 50,000 foot levels, as well as at sea
level and at vacuum conditions. Pressures at these levels were taken by
interpolation of the data provided by COSPAR9 , as being 10.2695 psia at
10,000 feet and 1.7058 psia at 50,000 feet. A plot of the pressure as a
function of altitude to 105,000 feet, using COSPAR data is shown in
Figure 2.

-10-
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SECTION 4

RESULTS AND DISCUSSION

I
Results are presented in the form of summary graphs

(Figures 3-13), which are included in this Section, and computer
output sheets, which are given in Section 5. In addition, a tabu-
lation of maximum impulse values and other data for the various
systems at various conditions is given as Table I immediately fol-
lowing. The systems can thus be studied in increasing detail by con-
sidering first Table I, then the appropriate graphs,and finally the
computer output sheets. Altitude performance data must '--e obtained
from the computer output sheets thermselves. The systems studied are
arbitrarily arranged alphabetically by oxidizer. N2 H4 is arbitrarily

i considered the oxidizer in the N2 H4 -B 5 H9 system.

Our primary purpose here is to present the data for the
various systems, and not to attempt comparisons, as such comparisons
are valid only for specific applications. However, a few comments
appear to be worth mentioning, as follows:

(1) Some deviation is to be expected from previously pub-
lished results due to use of up-to-date thermodynamic data. This is
evident for example, in the H2 0 2 -B 5 H9 system, in that results herein
differ in some regions by three or four seconds from results published

10previously by this laboratory I. (Maximum sea level optimum shiftingimpulse appears to be a few seconds lower using the more modern data;

in certain non-optimum composition regions the old values were in some
I cases higher.)

(2) As would be expected, the hotter systems show greater
losses in impulse if freezing of chemical reactions takes place than
do cooler systems. Thus, the ClF 3 -N 2 H4 system shows nearly identical
impulse values to the N20 4 -N 2 H4 system with equilibrium expansion, but
with frozen expansion the latter system is superior on an impulse basis.

-13-
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Similarly, the F2 -H2 system loses most of its apparent advantage over

the 02 -H2 system, if freezing takes place and.performance at high ex-
pansion ratios is considered. Freezing of reactions leads to severe
performance lossi in the OF2 -B5 H9 and N2 F4 -B5 H9 systems.

(3) Certain systems are not very sensitive to mixture ratio
in terms of specific impulse. This is especially frue of ClF 3 -N2 H4
with frozen expansion. (See Figure 3b)

(4) Freezing can have a considerable effect on the optimum
mixture ratio. Note that in the N2 04 -N2 H4 system, at E = 50 in a
vacuum, the peak shifts from 90 percent to 83 percent N2 04 , for a change
in oxidizer fuel ratio of 10 to l,to 6/1.

(5) The density data given on the computer output sheets permit
study of density effects. Note, for example, that the greater density at
peak of the ClF3 -N 2H4 system relative to the N2 04 -N2 H4 system would offer
considerable advantage.

(6) Oxidizer/fuel ratios at peak performance generally, but
not always, shift slightly toward higher values at higher values of area
ratio, for both frozen and equilibrium expansion. In general this is
also true as chamber pressure is increased. (See summary plots.)

-14-
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SECTION 5

DETAILED DATA PRESENTATION

PRESENTATION AND NOMENCLATURE FOR MACHINE

In the following, computer output sheets are presented,
arranged in order of increasing oxidizer/fuel ratio, with results
given first at 1000 psia chamber pressure and then at 300 psia. Two
computer output sheets are given for each chamber pressure and mix-
ture ratio. The first computer sheet gives as a heading the mixture
data, chamber pressure, heats of formation of propellants, the assumed
temperature (the reference temperature) at which each ingredient is fed,
the bulk density and the mixture ratio. Following this are the pressure
profile data and compositions at each profile point. The second page
gives performance data at interpolated whole number values of area
ratio for both frozen and shifting expansion, from 1 through 50, and
at sea level optirmum expansion. All results assume zero divergence
angle.

Nomenclature used is as follows:

TREF, DEG K = propellant feed temperature, °K.

CHAMBER ENTROPY = EU/100 grams
= cal/100 grams -°K.

ENTHALPY (-) = the negative of the enthalpy,
kcal/lOO gms of combustion products

CP = specific heat at constant pressure,
cal/gm-°K.

X BAR = moles of gas per 100 grams of com-
bustion products.
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N = total moles per 100 grams of
propellant including the moles
of condensed phase.

Pc/P = chamber pressure divided by

exhaust pressure.

I OPT = specific impulse assuming the
ambient pressure equals the exhaust
pressure (optimum expansion)

DELVAC = increment in specific impulse be-
tween I OPT and specific impulse

I under vacuum conditions.

DELVAC/P = DELVAC divided by exhaust static
I pressure.

I SEA LVL = specific impulse at the specified
area ratio assuming a 14.696 psia
ambient.

I AT 10000 = specific impulse at the specified
area ratio assuming a 10.2695 psia

ambient.

I AT 50000 = the same, assuming a 1.7058 psia
ambient.

I VAC = the same, assuming a vacuum ambient.

CF SEA LVL = thrust coefficient at the specified
area ratio at sea level.

I CF VAC = thrust coefficient at the specified
area ratio under vacuum conditions.

Blanks are shown in Cp values where interpolation is thought to
be hazardous. In these cases heat capacity as a function of area ratio
or exhaust pressure can be estimated by examining the original pressure
profile data (the first page of the output). The reasons for this were
discussed in Section 3.

I
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PRESSURE PROFILE CATA
SYSTEM L.1UID BIPROPELLANI PC ICOC. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM Wt. 0/0

LEG K Gp/CC (KLAL/FVPP.WT.I
298 CL.F3 1.884 -44.35 55.
298 N2.H4 I.C04 12.C5 45.

BULK DENSITY = 35 GM/CC
MIXTLkE RATIO 1.222 L13 OXIDIZER / L8 OF FUEL

PRESSURE PROFILE CATA

CHAMBER ENTRCPY 279.73 EU/ICOOMS

Cl-AMBER IHROAT

FROZEN EXPANSICN
PRESSLRE, PSIA CO00 398.1 1S5.5 63.10 25.)12 14.0 1C.00 3.981 1.683 .631 .251 .ICGO 46.t
TEMP, LEG K 2919.7 24 IC.2 1936.9 1544.3 1219.8 1058. 1 914.5 760.9 61I.7 640.0 338.5 258.3 2594.5
ENThALPY (- 9.46 36.19 57. 14 14.94 8H.69 95.27 99.46 lO .85 1l14.35 1 1.3°6 121. 19 126.21 27.63
CP .4753 .4626 .41475 .4309 .14132 .4045 .3986 .3078 .3813 .3?t6 .3(61 .3T1? .4671
IMPOL OPT 152.48 2C0.93 23H.76 262.53 273.22 279.8L 292.56 302.C0 309.20 114.55 318.69 125.71
IMPLL VAC 226.75 249.34 269.15 284.36 291.43 295.85 3014.6 310.9t 315.89 319.60 322.49 222.6d
EPSILCN 1.051 1.519 2.715 14.898 6.9H3 9.034 16.8d6 31.632 59.719 113.4414 214.652 I.OcO

SHIFIINO, EXPANSION
PRESSLRE, PSIA ICOO 39e.) 158.5 63.10 25.12 14.70 IC.OL 3.9e1 1.58t .661 .251 .100 ,356.3
TEMP. CEG K 2979.7 2464.9 198.7 1599.1 1266.4 1100.7 993.6 772.8 548.0 464.6 425.8 407.2 26h14.5
ENTI-ALPY I-) 9.46 36.44 58.41 16.20 90.?2 ?F.12 101.44 110.13 116.87 122.09 126.34 130.28 27.40
XEAR 5.415 5.6.0 5.403 5.402 S.4C2 S.142 S.NO2 5.4C? 5.1C0 5.387 5.228 5.048 6 .416
h 5.1•53 5.14 5.403 5.402 5.24C2 5.4C2 6.142 5.402 6.4CO 5.6.67 5.200 ý. 162 6.416
CP .5885 .5016 .4559 .6333 .14151 .4061 .6000 .3884 .385( .4272 18.0961 20.4274 .5276
IMPUL OPT 153.20 206.49 240.95 265.22 276.14 282.el 295.94 305.68 313.02 318.37 324.19 124.92
IMPLL vAC 228.45 251.70 271.95 287.52 2914.76 299.27 308.11 314.?e2 319.93 326.91 329.68 226.04
EPSILCN I.C55 1.592 2.142 6.955 7.011 9.165 17.099 32.167 61.149 134.133 305.953 1.000

COMPOSITION SHIFTING (MOL/100 OM) r
28.92 CL .CI34 .0033 .0004 .0000 .OOCO .0000 .OCO0 .OO0 .GO00 .OOCO .0000 .0000 .0058

-13.5C CL.F .CCO0 .COO .0OCO .0000 .OOCO .0000 .OCO .COCO .0000 .OCO .0000 .0000 .0000
-38.87 CL.F3 .0000 .0000 .0000 .0000 .0000 .00O0 .0000 .COCO .OCO .0000 .000 .0000 .0000
-21.97 CL.H .5816 .5916 .5965 .69148 .5949 .5949 .5949 ."Y49 .5949 .5969 .5430 .1481 .5891

.OC CL2 .COO0 .OCO0 .0000 .0000 .OOCO .0000 .0000 .OOCO .0000 .O000 .0000 .0000 .0000
18.86 F .COO4 .OCC .0000 .0000 .0000 .0000 .0000 .OOCO .0000 .0000 .0000 .0000 .0001

-64.5C F. I.1F42 I.tE466 1.7186 1.7866 1,?866 .7816 1.7866 1.71346 1.7846 1.78146 1.786 1.7P46 1.7845
58.60 F.N .COO0 .0OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.OC F2 .COO0 .0CO0 .OO0 .000 .OOCO .0000 .0000 .0000 .3000 .0000 .0000 .0000 .0000
52.1C I- .C527 .0122 .0014 .0001 .0000 .0000 .0OC .OOC .0000 .OOO .0000 .0000 .0220
19.2C 8.14 .COO .0000 .0000 .OCO0 .OOCO .0000 .0OC0 .0000 .OOCO .0000 .00C0 .0000 .0000

.CC F2 1.5988 1.6139 1.6179 1.6184 1.6184 1.6183 1.6183 1.6178 1.6614 1.5954 1.5130 1.4283 1.6103
40.3C 0 2.N .COO .OCCO .OCO .0000 .OOCO .0000 .OOO0 .OOCO .OOCO .0000 .0000 .0000 .0000

-11.04 1- 3-h .0C02 .COO1 .0001 .0001 .000) .0001 .0002 .000 .0021 .0)154 .0185 .0130 .000)
113.0CC N 0COO0 .OCCC .OCO .OCO0 .OOCO .0000 .0000 .0000 .OOCO .OOCO .OOO . 0000 .0000

.OC N42 1.4C40 1.4041 1.4041 1.40141 1.404) 1.4041 1.40141 1.039 1.4031 1.39614 1.3690 1.3407 1.•0l41
-15.3e CL00.86/C .COO0 .OOCC .OCO0 .0000 .OCO .0000 .0000 .0000 .0000 .0000 .0519 .1138 .0000



COOONOT IRF ORMULA 066527' W "00! IlM l. 0/O
ERG X GO/CC O6COL/F6ORO.65.)

II "FROZEN E00*95606

EFS0LON PC/F P PSIA H608 R678A0PV CF CALl I OFT CEEL 'C CEL/AC I SEA I Al I A I VAC CF SA CF VAC

DOG R RCAL/IDO G0 OR M G I IP LE 1CLOD 50000 0/0
.CCICOCODOC 291Y.7 -9.0 . 0ll04

0.0001 .3 110.137 2591.31 -27.63 .9617 215. 97. .:I '077 22. 220. :2. 222. 12:0 0..5

0.0C 1 0c61.1120 5. 00 06' t,;12.9 -00. 160' 1I"II' . :2 263. 26.6 1ý1I .00 202 2 66.6 2780.2 2092.0 0 .0689 0.60
0.000 29.910 0000 0320. -8.0 .'9 25. 20. .' 2 266.0II 202. 206.5 2079 .7 1 .5106 ?.0

2.0 lC 231 209.9 -e9.00 .013 260.2 21.6 .88el 281.0 205. 1 291.1 200.8 1.532 ::1.90
6.0(0 5035 1 0.09 ý8 12. -624 .006 266. 09. .0M220 20. 6. 6.6 .08 0.2
0.OcO 60.3C3 14.60 1050.01 -95.0 S' 0 270.0 06.2 1.2.2 200. 209.0ti 290.01 0.6.$

8.C '3.53 10.96 00C2.5 -90.50 .ý00 27.R. 00.0 0.0l20 200.0 210.0 290.6 0.9569CCO 99.00 0006960 -61 39 290 0. .59? 200.0 295.6 0.66
0C.CCC 006.0?24 P.567 1/6.2 -1C0.96 .096' 28. 05. ;6 1 0 2.90. 90. :.6061
It.0ICC 030.983 0.00a9 860l.0 -0C2.08 .095 280l.0 00.9 1.966 2 9S.5 298.8 0.6
12. 0CC 050.008 6.0958S6C. 8 -00.56 .090 200.01 00.0 2.05/ 2 96. 1 0 : ODD. 1.9
13.OCD 00.00 9.1 0 63 823. :0009 .09 28f.7 0 3.0 2.0$33 290.2 30. 0.69

00.0CC 093.03 I.06 7919.0 -005.59 .36 2891.2 03.0 2.5001 2'90.9 30.2.2 0.703

S6.COD 2013.0604 .60 1076.9 -OCt.0 .3/9ý 290.5 02. 0.1 9. 0. 0.70

I'. Cc 233.900 4.270 196.7 -OCO.2A .06 9 290.'7 02.2 2.52 9. 0. .0
00.000 250 .70 . 92 00. -0:6 .066 292.0 00.0 0.801 299.9 000.6 0.117
00.CCC "IS.21,3 '.599 020.0 -C.2 .091 295.0 00.5 0.219C 299.1 305.:2 0.2
09.CCO 0C2.SCO 0.09ICSC.10 -O0.23 .06 290. 001.20.C500 359 0.2
20.0CC 321:6C0 0.055 600.6 -00.C . 086 29.SO0C 059 0.3 006.0 0.27

22.0cc 0061.000 2.906 60. - 000.92 .0l' 237.5 00.8 i.900 0000.1 3001.5 0.003
23.0CC 0(0.320 2.073 652.0 -0001.28e .090 20.8 001.0 0.0 60 000. 600.9 0.5

29.Ccc 6'C.551 202 61C. 0 -0001.02 .06 2ll 9k.0 IC.i 0 ,05 00. 306. 0.106

25006 5.2 2.00 tO:. -002.0 .090 208.0 0. .2:900 08.1.9

27.CCO 5C9.060 0.662 61C.4 -002.98 .9m0 299.9 3.5 Sol900., 000. 0.9
26.0CC 536.067 0.065 90. -009.20 .9k52 00C.5 9.0 S.00 300.0 909.9 0.06

29.0C 56.::.08521 -004 02 30C.6 9.0 5.2011 000.0 300. 0.1
30.000C 508.599 0.6 99 514. -000.8 .09 000' 6O' 1ý.0 .60 000. 0.05
!0.00 C 0c00l.600 1.6210 570.6 0014.0 .9I90 500.9 .C 5.50 900. .72'

'2.0CC 902./18l 0. II 11 86. -0:0 1 99 002.2:ý 6.61 566 900. 0.05

30.000 670. let 0.04 46." 0014 .9 0.:03500 0. .8
09.00 00.650 0.0 855.0 -00.0)9 5.07 103.0 .6. 6.06500. 075

09.CCO 18:60.25 0.5 520. -00.0 .90 0 F760 0.20. .6

12 o 10. 6 0. 00 Sl C ~. -0 I~ 06 .I So 005. 5 7.2 0. 5o, 9 0 3 . 0.72196

"0 0. C( 0 680.256 1 .69 503. -006 Do .090 3 95. 0 1 .91 ;. 774 30. 5 0. 67

'500 001.0 .80 090. -007 'C .00 06.1. 6.00 0.1.6

.90.00 0090.2 :.76e 065.3 -000'9 .07 3390 7. P.( 9002 0.0
920 00901.060 1.091 080.0 -0.10 I . 07 9 00o 57.0 1.00.66 10. 0.77

06.( 0209,.900 ."20 009.0 -007.95 .970o 3'00.l 1.0 6.758064 .I9
CCO Cs1lO 70 S 0 9801856

II C. 0 00:000 2900.0 -6.0 .569

':0CC 0025 790 89.0 000 ..603 221.' 36.9 .37o /415.6 25. 26. 260.9 I.2 .9
II0I 06.090 1',07 050:.6 -0.6 .03 20. 20.7 .50 266. 260.0 270 .6 174.7 0.039 0.533

I.0I0 00.3109 2o.00 0260.9 -950.5 .00 29. 2". .-9 201.4 11A.5 I06. 261.0 .5331 0.606

6.0c0 50.376 20.730 0000.6 -0.0 IC 00. 20.2' 0.178 251" 1 0. 29. 290.6 1.539 1.620

1.000 67.054 06.03005.01 -06.6 .00 20. 09. 0.20 ,. 2008 22. 260. 0.5601 0.ý609Iý
0)I.0 I 0c312.161 7.5 66 020.01 -1,4.24 A36 260. 1.0 05.9 _6 2-6.- 902.2 :6.69
12.0100 OSC.l05 0.634 690.0 -05.9 9 2601.0 00.0 2./Ill 791.7 OC0 0.990

13.0 CC 00e9.6 5.9976 663.2 -001:6.9 :.99 2907 0. 2 .0155 s 000.6 509. 0.10

09.00 1 0C89.090 5.271! 930.9 -00060 392 2922 0. 256 000.0 3046 0.009ý

05.00 2C9:272 9 160.8 -009.50C .0901 2 93.5 03.0 2. 1521 0009 006.5 I .0

0600 11 229.220 l,.063 093.6 -0069.02 .390 299.0 2. 2:.63 962.0 300.3 .0

07.0100 249.218 0.00 770.6 -000.06 :.09 295.6 02.2 9.01 9002.9 300.0 1.720
06!.000 270901 .9 .618 75. -0014 .090 296.0 00. .20 900.:2 300.8 0.770
09.009 294.5!2 0.00 "0.0-0.9 .90 267'.9 0. 6 0. 0 090. 306. 0.27

2 I.0 90.00.21 025.0 -000.98 .596 299.6 00.9 0.'624 300.0 300. .0
20.000ý 00.9 2.90 100.9 -002.43 .095 290.4 00. 3.0898.0 30.5 0.3
22.00 31 .0 CC.706 680.9 -100000 5$5 300.2 00.9 0.008 3080.2 600.2 ;:716

23.00 90 2:500 60. -0. 3 8 3 01 00. :00.6 '.96 900. 9008 003

20.0 02.3 2.07600-0.8 .3 0 00.5 00.0 0.3639. 90. 000I. ý ;
201:IC.00 990.000 2,006 600.9 -0051.7 11 OoO 3 03.5 6 .9 40.2 900. 905. 1 .

2000 2039 .0162.9 -008.55 .390 309.0 0. 59650. 300.5: '0.0
29.000 510 09 0.000 623.9-05 .9 .39 000. lý o 2"R0 9.6 502960 300. 5. 5

50.0(0c 555.e32 0.037 61S.0 -00 6.22 .095 306.0I 9.0 5.02'6 3095 0. 0 .750ý1:
3000 0.60 0.60 905.0 -006.53 .195 3004.2 9.35 5.50 300. 0.78

02.00 626.73 0.89 59. -006.9 .566 005.9 9.2 8.1"', 900. 0.5

3.000C 056.0801 0.529 906 " 1.0 .08 306.0 9.0 5.922 30 5.0 0.8

39.000 0E.02 006 800 00.8 .20 1 096.0 8.9 6.50011 30.0 0.6
35.DCD 008.096 0.092 5017.0 -000f.95 .132 906.0 9.9 6.5606 505.6 0.16

36.000 799.820 0.000 816.2 -009 .062 005. 86.0 6.9991 90. 0.069

38i.000 809.300 0.22F 557.0 -00R 3.9 -CE- 00 .0 6.5 98 0 906. 0.65
09.000 060.000l 0.6055.0 -009906 -.009 306.0 6.0 .0.96 90 6.5 0.6
100.00 80.l 005 0.0050.6 -009l.93 -. 260300.01 9. 5 0.26 36. 006

6000 9030 09 5, 50. 090 .0 0.7 01.2 7.06 50.9 0169

02.000 991.005 0.059 536. -00926 -.26 00. F.0 0.65 307.0 0.70
90.000 080. 756 5.02 0 52ý9.6 -0019.90 -.000; 009. .0 6.6 8,139 300.3 0.070
96.00 0 009IC~ .010 .966 520.7 -00:9.62 -.000' 309.6ý 8.9' 0.026 3004 .72
05.00 0C 0986.09 .956 520.0 -0390 -.05 90. 0. I.0 0..0
00.000 CO PC2.697 .929 505.9 -009.9 -. 0F:-60 350.0- 1 .9- 8.900010 0.1
90.000 000.76 1.91 800.5 -020.051 -.062 900.0 7.7 9.56 3'l809. .7

9600 :0 09095 .69 80.9 -0001.5 0. 7.6 0.766 600.2 0.1

50C.00 0 C 208.656 .9820 999.0 -020.693 -.0015100.0 0.8 9.0120 0.5 .77
0.000 68.049 00.695 0000.7 -6f1.2 .406 276.0 06.6 0.267 206.0 260.9 262.6 299. 0.500 0.605
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PRESSbKE ProFILE LATA
SYSTEM LIU01 bIPROPELLANT PC I000 PSIA
CCOPONENT IREF FORPULA DENSITY hEAT FOM %F. 0l/0

LEG K CFI/CC (KLAL/FVR'.W.II
i9b CL0F. 1.68 - 4.4. 61.
29H W1214 I .0Ck 12.05 35.

0LUK .LNSITY 1.440 GP/CC

PIXTL E RATIO I.R51 Lb 0XI01ER / LB CF FLEL

PRESSURE PKCF ILE CATA

CHAMhEk EN8R!P8Y 251.9e EU/IG0bFS

CFAPBER THROAT

FROIEC EXPANSIeh

PRESSL<8, PSIA iCco 198. 1 I'h.5 6S.10 25.12 14.10 10.06 3.9e1 1.585 .611 .251 .100 534.9
TE1P, '8EG K 35C2.4 2e34.3 2281.4 1625.9 1466.2 1258. 1 13 6.C 884.2 683.1 525.2 603.0 309.0 3046.1
EN08 -ALPY -) le.802 45.11 68.06 86.00 IOC.29 IV1. 18 111.II f 120.59 121.23 1Q2.50 136.54 139.64 36.9h
CP .4190 .6C95 .3p 3 .31?2 .67c1 .3619 .9563 .3442 .3361 .5319 .3301 .3279 .412d
IPPLL OPT 155.20 2CH.65 246 .19 261.51 214.51 245. ? 298.42 306.23 31,. 8 321.11 125.28 128.4e
lPPLL VAC 230.ti 253.94 214.20 2e9.Y2 2?1.22 301.11 10.69 611.41 122.61 7 26.50 329.21 2/6.61
EPSIL Ct I.C52 1. 542 2.125 4.934 1.061 9.1Ž9 11.062 32.058 6C.412 114.543 211.114 1.000

S1IFTING EXPANSION
PRESSSLRE, PSIA ICOO 396.1 158.s 65.10 ?5.12 14.f0 I0.u0 3.ye1 1.585 .631 25 1 .100 558.3
TE1PP, 0EG K !5C2.6 2992.6 2501.5 2U39.6 1614.r 1429.b 1295.9 1017.5 191.9 612.5 612.3 404.1 1177.1
ENTI-ALPY l-} 18.02 66.2t 69.95 09.40 105.13 112.13 117.61 127.68 135.20 141. 19 145.b2 149.48 96.46
x PAR 46.791 6.72F 6t.;5 4.6H4 6.6?2 4.6P2 6.6P2 6.602 4.6E2 4.6e2 6.681 4.599 4. 74d
N 4.191 4.129 46.615 4.684 6.6P2 4.682 4.662 4.662 4.682 4.682 4.681 4.625 4.!4b
CP .6899 .5641 .4596 .0C16 . 311 .3616 .i61] .3411 .i31T .3313 .3129 13.0082 .6102
IPLL OPT 156.HC 212.55 249.19 275.23 291.05 294.35 3C8.59 319.29 321.36 333.•3 338. 17 126.66
IPLP L VAC 264.eI 26C.41 2e2.14 299.2P 3071.21 !12.17 321.91 329.52 146.91 339.16 362.92 229.62
EPSILON 1.063 1.636 2.848 5.190 1.460 9.664 16. 119 34.348 65.061 123.733 251.640 1.0O9

CCMPQSITIO'N SHIFFING (1IFL/IO0 GO' )
2e.92 CL .C166 .0342 .0C95 .0C13 .0001 .0000 .0000 .00CO .0000 .0000 .0000 .00CO .068C

-13.5C C06F .CCCO .CCCC .OCCO .C0OC .OOCO .CC0O .0000 .0000 .0CCO .0000 .0000 .0000 .0000
-36.81 CL0F8 .0000 .0000 .000 .0000 .0000 .000 .OOo .0000 .0000 .0060 .0000 .0000 .0000
-21.97 Cl001 .6260 .6tbl .6935 . NJi1 .1029 .7030 . 036 . 1030 .1030 .030 . 7030 .6769 .6546

.C0 0L2 .CC02 .COCl .COO0 .0000 .0000 .0000 .0000 .OOC .0000 .CO00 .0000 .0000 .0001
18.86 F .CC51 .C II .OCO I .0000 .OOCO .COO0 .0000 .0000 .0OCC .0000 .0000 .0000 .0021

-t4.SC F-H 2.1034 2.1080 2.1090 2.1091 2.1091 2.1091 2.1091 2.1091 2.1091 2.1091 2.1091 2.1091 2.1070
5P.6C F8. .CC0O .OCCC .0000 00 .OOCO .OCO0 .OCCO .CU, .C000 .0000 .0000 .0000 .0000

.CC F2 CCCO .COC0 .0000 .0000 .Oo0 .0000 .0000 .0000 .0000 .0000 .OOC 0 OOCO .OOC0
52.1C F .1ý59 .C562 .01,7 .CC19 .CCCI .COO0 .C000 .C000 .COCC .0000 .0000 .0000 .0811
I1.20 l-t. CO I .C060 .C60) .UWO0 .00CC0 .O000 . 0(6 .0061 .G000 .0000 .0000 .0060 .0O

. C( 7, 7 1 . Ie,? 7t" .71'2 . Vi .7 leI .I t! I .77b] .70, 1 . If 1 .7f~ F .1156 . (3 ! . 1621
0.50 -2t.X .. CCC .0CC . r(00 .70 .OCO .0000 .0000 .060 .000 .00CCCO .O0O0 .0000 .0OC0

-II.1.6 FN CCCC .0 Cc .0 cc .0 COO0 0000 .0O .0000 .00 . CCCI 0 .00? .U01 .0052 .0000
Il1. l .I1 ..o .C(CN .I.ofn .090U .n000 .UOOuo .oUco .0Cu0 .0000 .oOUo .0000 .OOO0

.0CC N2 1 0,Ir 1.0,2' l.C"21 l. ( 20 1 .9z. 1 1.0921 1.09?1 1.0921 1.Q921 1.0920 1.091 1 .0164 1.0921
-15.31t CLo-F4*/C C.C0 .000. .OC 1 ' .Co0 .00( ,000 .000.COCO .0u0 .0000 .C0CO .COCO .0262 .0000
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$95988 ~ ~ H "999 '9M3K006 C 909 SI

CC, X 6P/CC I9KOALI05KI 1
298 CL.P9 15.88 -64.35 65.
298 42666 1.10 12.05 35.

C STAN9 51413.4 88/SEC
EPSILCM PC/P P P518 SKOPP f6X8660P3 OP CALI I OPT OKOVAC 061940 I SE. ICATO I 91 I VAC CP SEA CP VAC

0E M XKACAOL/ 190M OCM 05011 /P 009. 000 50000 100
1 .00 1000.0 3502.4 - 98.02 .119

CC00 1'.'0 91 049 6 '01 :,1 -6.98 .1,13 12.1 9M. .181:,, 2,28.0 226.8g 2241. 226. .1 0 .291 5 :11
2.000o 10.413 96.033 2055. -1: .01 .15 292 3. .8 2.2 29. 263.2 263. .: 2 I ..
S.00 I..68 ".'"9 '15. -89. 631 .50 211 8.9 2,9.3 .36, 260.1: 211.'. 2916.5 270.2 .1.490 9.51"
"'.0 29.69 3362 18. -513 .316 760.1 24.9 .1024. 21.. 283.9,285.0 .91 .9

S.0CCC O.W.6 21..KOS 163 1 .9 -900.59 .390 26C.0 22. 2 .906 2976. 9 250. 9 205R.9 290.2 1.539 9.06063 ~ ~ ~ 6 C.0C 53.6082 9762 133. -12 56 213.8 20:.3 9.0821891 28.I9. 9. .3 .2
- f 1.000 89.390 6.:9 11.1. -90.0 .32 27. H0. .265 9. 8. 296. 239. .19 .1.

af .000 82.122 12.169 .1.16. -lC9.39 S.3 28. 11.6 9.1.1. 281..r 299.1 299.5 1.650
*9.000 9.9.81 10.210 91-2.. -'1:11.8 :,111 286.9 96. 9.:629 29.309 .5 9.6692

90.000 99I 4.9C2 7.19095.6 -99.0 .351 28. 15. .1 3 00. 0. .
99.000 132.659 1.53381e . 11.6 .9 259.6 !5.1 2:0091 309.3 30ý1.. 9.066

92.00 995.289 6.611 1018.8 -155.91 .3l 2995 4.: 298 302.1 906. 1.691.
93.00 99065 3.610866 99684 .39 293.2 93.5 2.51 J30.9 309.:900

it.000 9190.0471 5.262 959.9 -91.8 3.38 296.9 93.5 2:557 303.: 308.12 9.05"9.0 "0.6 6.966 1839.,l :1'17.6 :.06 296.0 13029536.N 0. .1

9800 C29.89 6.55 90.-195 .31.5 297.2 92.62.0 304.5 109.9 9195N

9900 2.9.510 U.001 605.5 -920.5 .31.1 28. 12.9 3.093 551 9. .9
98O0 2972.900 !.666 6a65.2 -929.06 .5M 299.1. 92.0 3.2651 505.0 999.3 .123

95.00 2 I.9 3.I P-6.. -929.65 .31.3 300.3 99.1 3.6 306.91 392.01 927I
2000 320.956 3.998 720.9 -922.29 3. 0.? 9. .5 36. 3920 993

2900 3153.3 .96 092.6 -922.04 .36 502.0 99.9 :.850 3006.9 393.91 9.933
22.000 370.750O 2.099 199.3 -923.31 .349 900.9 90.9 4.01.3 306.9 39. 9.39

23.000 396.29 2 .31:293 102.9 -923.85 .1.0503.1. 90.7 ':.231. 306. 9. 9 .8

25.000 1.18.25 2.232 150.6 -121..15 .33 5.9 036.009 3071.9 13 3 95 . 0 9l .711.

?6.000 696.091. 2 .909 ru1.6. -925.9 it 3 30. 9096.' 37239.,91.

31.000 75.692 7 9.29 6 1.3. -2.56 .5353906.9 06095387 911
38.000 79.9'.9 I.2 636.9-2. 1 .355 590 .6 8. 0.950 3 98..9 9.965;fl

3 5.000 950.70 9.9756 6 30.0 -92 9.0 .335 o . 1 1. 2 I _ . 1 1 3 90 .1 8.51. 9.91.69. 3 99.91 . 6

6.0001 873.99 9.99 8231.6 -929.23 .336 39908. 3 9.33 399.8 9 .161

1.300 641.360 9.095 605. -997 .336 399.9 00 7, 9 39. 9..1
66.000C 1296:95 .69 569.5 -93.0 .331.39.2 0.0 0.909 3125. 9.12

1.6.0 97.2 .920 598.3 -906 .3331 592.1 7.P175305 91.

I000 996. .96 510.0 -3.96 2 3 393.2 1. 60.1.9C 32.9'.
9.0.0 9990e.909 1.190 573.9 -9.309 .339 993. 71.0939.0 9.796
5000 915.5 .79 50. -939.0 33 39. 7 9.5 329.9 9.167
1.019 09O1 7.06 35 96.69 927.9 91.9 .96 29.4 1 3.5 90.1 9.21 21.5 7. 3. 28295 .6

12, IC.9 -129.65 5. *8 5933.6 8.1 5.251.01.0I 9.00 e 900:.000" 350.9 -29:0.0 .630 ý . .9'39. .7

2.000O 9C.999 90.1.29.9b 7099 .1.3 14 22.2 1.0. C.16 26.36.5209 269591:3,9l 6
S.00 912, 5799 09. 30.95 .96 299. 32.9 15625621. 0. 240 9669.

56.00 11.9 :CI 129..9 96591.3-062 .310 27. 21 . .921 79 797. 29. 26.1. 951.9.69
6,.00 19.2 2 0 95 956.91 -900.39 .1733 328.3 22.6 9.996 9. 292309 302.695396

90.000 905252 " .50 9289".3 -999.29 .569 295.6 91.5 9.96 30.632.1 9.6
99.00 929.453c 1.2396 9233.9 -993.85 .957 299.0 96.7 :91 2.039 390. 9 39.6 9ý: . 905

CC00 936.39 1.121 93. -2.0 .51.299.? 963.9 2.230 99 2. 3959: 9.11 93
93.000 95.090 9O.69 957 .921 -922.50 .355309. 95. 2.2 39. 3979 9.720

96.000~~~~~ 99363 55292. -931 .53 0.2 95.0 2.9 393 .9 398. 9.2
C500 992 992 .20 90959' -926.7 .5 2361.9 96.6 2.998 394.5 39 9.122.3 9.57 1.59
I60 290.025 .17 9069. -925.69 .30369 96. 2.1199.9 31.F208.2 9- .961

97. 9 .t2618* 6'.10315'909.1. -913 .348 3 0. 73. 3.3 1 :'2'23 :: 370. 9 : 329.0 9.945
95.C00 t29.73C 3.1229000.97 -927.06 .36. 9095.4 93.9 3.595 3. 9 6. 5 3 22.9S 9.1.95

2000 29.75.2 31.669 1900. -929. 19 .31.6 3J90.21.92.0 3.19 35 596.9 3238.26 9.12
2900 99.0299 6. 991. 9. 9. 2539339. 9 C. 323.0 9.956

2300 35.6 2.,, 92. -93.5 .56 32.5 92.0 1 6.9 391.6 326.9 9.0962

29.000C 108.304 . 66 090.9 -93.6 .3299.6. 99.0 9.699 39. 325.9 9.6
2600 1.30.353 2.5295063.3 -9321.09 .3169 395. 99. 2.556 3990 326.6 9.71

29.00 .85602 2.99 9 8. -92. 1. 31.0 390.2 99.0 5.29939. 321.2 9.912
2900 50.8 .55 911. -7333 .10 395. 90.9 5.6,99 5:. 398.3 29. .726

30.000 5926.9126 9.20999 83.6 -933.2 4 .3391 399.3 90.1 5.69? 399.3 3279* 9.910

320 0 t.20 9.835 0C 96.0 -936.6. 6 339 39. 2 90. 55 39. 32.6 9.6

35 20 09.216 b3.63 0 169.9 -935.40 .31 3991.6 30.01 6.663 3 09. 5 9.969 ;
36.00C 247.350 9..103 1971.2 -92.35.9 .33g 3208.0 9S.8 6.66936. 329.1.0

270 735113 9 10 76. -962 .36 32. 9.6 " 705 330.3 1.7599
39,00 !912.925 9.308 952 . 1 -93.52 .33 5 329.9 5.5 729 S31T 902'.6 9.993

92.00 99 15.6"2.79 9.909 -130.7093.2 .635 322.9 92.2 9.853.... 39.9..9
23.00 91.6 9.929 92. -93.4 .336 32.6 99700 339. 9.191 2ý

65.00 991590'l 9.055 19. -93 :1.9 .534 323.0 8.9 9.642 339.9 9.600
67.00 90 9.2 .50 09. -983 e33 32. 8. 2.2 33. 9.9045.00 90623.28 2.9 61 92.5 -939.63 .332 323. 8.1 9.02 9 332.1. 5.503
69.000 9013.531. -.939 666.5 -939790 .33 326. 8.8 9.20 3326.4 .7.90

29.90 CO 8C.7666 .9.69 962 0 .8 -992.1 .366 289.0 20.2 9.312 20.01 9.936 3 308. 2 9.55 9.0766



PRESSURE PROFILE CAT0A
SYSIFM LI|UIC HIPROPELLANT PC ICCC PSIA
CCPP CEEPT TREE FORPULA L EKS[IY -EAT FHRM .I. C/01

F U6 K GM/C(, {KLALI/F CPOWT. I

29e N2-1-6 I.CC4 12.0s 30.

P11LK EEKSITY = .4. 1Gp/CC

PIXTLRE RAT!O 2. 333 Lti CXIDIZEK / LP CF 'PEL

PRFSSURF PkOFILE [A6A

CO-APAER FNTRCPY 265.9C EUI IL,,,S

ClAPHER TI RCAT

FRO/EN EXPANSICN

PRESSLkE, PS IA IC00 39F. I 15e.5 63.10 25.12 16.t0 IC.CC 3.9 1 1.5d5 .631 .251 .100 543.4
TlO P, CEG K 375C.3 3029.4 2414.e 1944.1 .1541.4 1340.7 121C.5 95 1..9 (21. 1 55P.3 421 .5 32 1.4 32,7.t
ENII-ALPY 1-I 22. 0 5C.CP 12.4 7 90.42 10 .10 111.59 l lb.91 124,1H 131.61 136.8i( 1.•0.0 143.98 4.1.35
CP .38A1 .3 10 .i115 .3A603 . 1.1t .i3V5 .1336 .32/,, .1141 .1O0 5 .3015 .306)b . 1840
IMPLL OPT 155.45 2CH.92 243.41 261.71 27f.70 285.46 29P.S1. 01. 37 315.10 21.21 12 .35 .5S 1?8.7
IPPLL VAC 231.5) 2514.19 274.41 290. IC 297.39 301.93 1 IC.V4 31 t. 5 1 22.5f 326. 3f 129.26 221.C3
EPSILCN 1.C51 1.5f9 2.719 4.922 1.03C 9. 1C I 1.I 11 51.9949 60.191 1 1.7Y5 216.126 1 .00u

SHI- F T1ING EXPANSION
PRESSLRE, PS[A I000 39t.1 151.5 63.10 25.12 14.70 1C.Gc i.VF 1 1.56 .631 .251 . CO 560.0
TE6P, LEG K 37bC.3 1252.5 2/11.8 2315.0 18 75.0 11641.6 1491.. I I12.6 925.2 11H. 0 ,4.2 426.8 3411.2
EKIFALPY 1-) 22.1C 5C.i1 17.99 9L.21 111. I 119.87 125.01 135.13 141..93 150.40 155.1.1 159.2f 10.T(
X PAR 4.6)3 U6.3 4.157 4.330 4.325 4.323 .323 6.323 4.123 4.•322 4.322 4.122 4.440

ts 4.493 4. 111 6.j5f . 130 4.323 4.321 6.323 4.321 4.123 4.322 4.122 6.1Q2 4.441.
CP .7551 .631C .5CPh .1C96 .3623 .1193 .3125 .32e5 .3166 .3C03 .307 .1047 .680C
1PPIL OPT 157.11 214.1C 251.85 278.58 291.31 299.60 511.9Y 325.2? 333.1 140.29 535.19 126.77
IPPLL VAC 236.21 262.97 286.23 104.12 112.48 117.12 32H.06 33).92 31.. 6 316.38 34Y.01 230.73
EPSILOK 1.666 1.661 2.916 5.390 7.7 4t.1 10.062 19.6C6 36.128 6C.624 1!0.519 248.8790 I.00(

C0•PPSIIIC1, SHIFIIIG (1YCL/I01C GG)
28.92 CL .16e8 .C96? .0403 .CC96 .C01C .CCC2 .0000 .0U0 .00O0 .0000 .0000 .0000 .1210

-13.5C CLeF .Co01 .0OUL .0000 .0000 .OOCO .00O .7006 .0060 .0000 .0000 .0000 .0000 .0000
-31.87 CL*F? .C0CO .OGCC .CO6O .0000 .0000 .0000 .Coo0 .COCO .COCO .0C0C .COCO .0000 .0000
-21.97 CL0- .5901 .6t)99 .7166 .74175 .75S61 .7569 .7571 .75•1 .7tI1 .7511 .7571 .(t71 .6341

.CC 0L2 .CC06 .CCC0 .C0Ol .CCO0 .COCO .COO0 .0000 .0000 .0000 .0000 .OOOU .0000 .0004
18.86 F .0102 .OU51 .OOOP .0001 .r0CC .0000 .000U .0000 .0000 .0000 .0000 .6000 .0087

-16.5C FP- 2.2520 2.2662 2.2Z05 2.2711 2.2713 2.2113 2.2713 2.271 1 2.2713 2.2713 2.2711 2.2711 2.2625
58.6C F1. .COO0 .CLCC .0(00 .COO0 .0060 .CO00 .OC0 .0000 .OCOCO .Coco .COC .0000 .00CG

.C0 F2 .COO0 .CCCC .00 .CO .CC00 .CCCO .0006 .0000 .0000 .0000 .000 .0000 .0000
52.0 IC .1566 .07189 .0219 .0062 .COC6 .0001 .I000 .0u00 .0000 .00o0 .0000 .0000 . 104d
79.2C #-t, .CC02 .OCCC .0CO0 .CC00 .00co .0000 .0000 .0000 .0000 .0000 .OOCC .0000 .0001

.CC F2 .3727 .3696 .3642 . 3597 .351'2 .151O .1580 .3560 .15tC .3579 .3519 .3568 .3711
0C. 3C F-2* .0CCO .CCCO .0000 .0G00 .00CO .0000 .0000 .00o0 .0000 .0000 .0000 .0000 .0000

-11.O. 1-30, .C000 .0000 .0000 .0000 .CC0O .0000 .0000 .0600 .O00 .0000 .0001 .0008 .000u
113.0C K .CCC2 .0600 .0COO .0000 .0000 .0000 .COC0 .0060 .0000 .0000 .0000 .0000 .0001

.0C N2 .9359 .9361 .9361 .9361 .9361 .9361 .9361 .9361 .9361 .9361 .9361 .9357 .9160
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OYSTER L38030 RIPAOPELLAP33 PC 3000 0533
coo PONEAT~ e PRE FORDL A DENS0339 STAT FORMP r. 010

CEO A GA/CC PRCAL/P0AE.AP.3

298 C8P .88 -8.3 I C.
298 .2CL:. 3.008 )3t.0S S0.

C SIAR 5839. T/SEC
EPSILOR PC/P P P53,3 TAMP 36T8.ALP9 CO CAL I AP CE VACC AC I SEA PDI AT P A I VAC CF 586 CF VAC

,RG R ECAL/1CODA IM DEC I P L11I. 300 9600 L36
P.000 PLCCOC.0 305C.3 -22. TO B.90

3.000 1 3.8 8.3 251. -1.8 .86 32 1 9. .303I 224.4 22!1.2 226.1 22r.0 .2I P..5
.CCO 0.5 95 .8 19. -8.9 .80 ý22T5 6. .803 259.5 26C.2 2663.5 d88. 3.120 3.880

3.000o 10.9 7 5 8 .336 389. -9.3 .85' 26. 92 .3 29A 2P0 8. 0. 1.69 .534.
6.00 29.P5P 3!.60115 800.6 -30 38 .852 280. 2C . .06 206.6 2PP. 2 98.0 2 952 .3 .
C.0 5$10 230833.0 -3C5.02 .4760 8.3 22.2 .901' 21P.3 283.2 299.9 290.6 ;.532 3.8086

6.0C C 03.802 1'9.162 629.86 -3C9.AA .3',3 206ý.3 20.2 1.0/9 230.0 2M0. 292.5 098.3 ::.539 ::.621
P.0CC 80.823 36.00 33463.0 -3113.51 .840 219.6 38.0 3.266 238.0 298.3l 29. 290.3 I.8 .6

8.00 0 /2.83 12.3041. 236.2 -338.93.83 292.2 305 36 1. 130.3 209.0 3 .850
9.0CC 98.9 300 3288.1 1 -3519 1938 295.2 13.8 3.8/P 2390 P0. 3.688

33.000 133. 350 ?.S30 3322.9 -119M.88 .830 /89. 35. 000 303. 30. 3.088

C300 33. a 5.6 050. -332 .323 29. 3 3.9 0.90 3i,09.3 301. 3 3.809
38.000 19C.151" 5.242 ItC19.9 -322.11 .325 298.3I 33. 9.50:11 806. 0 309.0 3.30

35.0CC 230.80 80 9.3 -283 .32 236.8 330 2.9 30.6. 309.2 I3.30

"30.CCC 25I 3 C .0 96I <3.03 .31 :22 290.8 32.8 -. 035' 305. 33. 339

20ICCO '22.C0II9 e.3 , Io. -3529.13 .320 303., 3. 380808. 33.1 .2
/3.000 38.CCP 2.992 F64.4 -320.23 .330 8S02.2 33. 1.95 3 06 .0 338.3 3.032
22.COO 032.323 2.00 08. -i 8P .33 02.9 30.9 '3.0', 30. 333.0 P:l :,3 5

21.000I 310.903 2.533 832.0 :3292 .33SI 300.0 10.T 4.23' 300.3? 3. .3

25.00 33960 2.2Ž 9 9.-2.33 .333 806.9 30.2 k.91 3 301. 35.,308280C 60.3 .CC C 0. 393 .3 0. 30. 3.0 30. 33. 3.23

2.C 502.3 3.0 09 . -39.96 .836 1 300.0 9. 6969 301.5 335.0 .8
2t.000 500.303 3.92 9 0o3.9 -390.30 .338 PGo.0 3.3 5.36 80 Sl1 6.5 33.308
/9.000 5546.80 1.00 0 158.8 -1330.63 .335 303.3 9 .8 5.009 302.6 338.8 3.3500.0CC 380.033 3.322 P60.3 -i39303 .335 803.5 9.6 5..03 300.3 3.,.5

33.000 883.023 .5 0 033I 71.3 -1303. 931 111 300P.9 9.0 5.093 33. v .5

36.000 3307.80 3 y I.820 663.0 -3132.P .83 1 0,1 3 0.09 8. .5881 33. 3.3
3300 !93.139 I .2o 6903.31 -1 32.90 .85 Is3010.3 0.6 9.00 838. 1.:93

C0C0 22.5!8 1 .218 830.5 -1338.39 .35 93C 6.5 8.5 393 .
19.0ICC 5.2 616 : 660. -33.62 .32 309 86 1.5 3. .8

3000 1`8.o 3.25 8E62.2 -3886 .1'2 333.2 8. 3.!6- 339. 6608

81.000C 92 2.508 3.C0 355 .6 -103.85 .312 All.5 8.2 3.539 1399./, 3.30,32.000 938.603N 3.065 981.9 -303.00 .832 833.91 9.3I 1 ; 339. 3.8869
88.0CCI 1I68 .00 063 -188 ,81 3. .1 33 32 0. 1.0

360C 10383 .4f6 3t. 380 .3 3. .9 R.103 020.9 3.0131
60.CICC 332.830 "10 639.3 -333.00 .333 918.2 ..b6 320. .0

60.CCC 31123..9C .-960 633.0 -353 .33 33 .8 3 .9 .60 320.8J 1.773

1000 2!2.33 .3 80jl63.3 -335.63 Sl33 533.9 0.5 0.210 323.2 3.336
0.030C, -oO- 38.969 3360.0 -333.59 .330 230.0 30.9 3.202 208.0 286.3 295.2 291.8 3.51 3.968

EPSILCN IC/I P 0033 0810 69003098 P Cl 1 030 (3P 088 -OOVA C 060 I 3I 53 l 3 GT I3 3 1 IF 3 S30 EA6 CF 030

I.0 3000.000 3100C.3 -12.30 ..S3.000 138 5038 833.2 -60.9 .630 328.9 306.0 :.3/8 220.0 226.9 230.3 230. 323 .22'
2:0C0 9.381 30..2 289."1 2S . 220. 12. .3 236.0 263.0 283.0O 203.6 :.4 A86
3.600 IR1-26 60.003 2208:.3 -5.91 .30110 OS21 33. .5591 239.:8 283:2 2086:0 280?.0 1.002 3.536
8..CC0 28.035 IF.3 95 000C2. _38 19 .9 26. 20. .05 20. 290.3 20. 208,1.3 3.585 1.505
5.000 !5.9d6 27.006 1262.6 -300.06 .386 208.6 2.1 2 ..T 53 269.89 202.6 330.8 302.2 1.55A 1.62
8.000 33.003 23.1 83 3806.0 1320 .35A 282.3 23.9 3.330 290.3 209.3 038 308. 1.53 35
3.000 58.333 17.^33 IP . -33.0 .35 29.;22 380 0. 3.9 393 309 1'69 3.602

1.000 33.353 38 63 1290 3:20.93 :,3F8 2929 20. ::,1 290. 33. 338 .3I 1.68
9.00 3.591 3.8 1:15.60 -322.86 StS 209S.9 19.3 1.06,3 290. 3323 35. .3

1000 6.88 0.3 350.8 -328.33 .333 298.F 3.8 19.8 3.090 93. A3. .3
I33.0CC 313.056 1.063 185. -326.8 " 33 : 03.8 311ý 8. 2:089 035.8 319.3 3.0720

,3.CC0 330.008 6.@19 1963.8 -I19.80 .3337 3005.5 36.0 2.2305 938.3 322. 333
18.000 382.88 6.1k)33 32 6.8 -130.88 .335 303.31 3ý6.3 :2.82 338.3 3293.8 .
35.000 38003 5.558 1290.2 -1353.00 .33 3080 35.8 2.838 839.0 328.5 3.6

"33.00 3180 5013225 -2 .9 .332 13. 5.2 3.003 2.12. .5
30.000C 28S. 03 3.850 1238.3 -_333.93 . 333 333 .6 318. 3.392 323.0 328.8 3859
30.000C 250.30 3.0 3379 3.16 -3550 .29 930. 34.3 3.2 3/ISS2. 328.0 1.767
20.000 230.512 0.9 18. -336.83 .329 930.0 139.15 0.08 9222.3 21 . 331
23.000 293.233 1.,33 3399.0 -300 30 33. :35 1928 2. 2. .
22.000 312.892 9.200 3339.0 :S -8069 .326 38. 33. 3.26 323. 030.0 .0

2300 08.3 .9330. -393.30 .025 98. 12.0 6.328 329.2 330.86 .9

0.00 336.003 2.000;100329 -388 .26 918. 32.0 4.9265 323.3 331.2 1.084

25.00 3.3 2.86k3 30C686.6 -39.33 .828 830.2 32.5 l,.122 329.8 333.1 1.7"0

2300 33.808 2.362 3035.8 ' -30.-3 :3212 82. 32. 5.33910' 923.9 032.6 3.1892
20.00 :382291 2.283 30281.3 -380.80 .923 323.2 33.0 5.300 326. 333313:9

30.000 8,93.933 2.033 998A.3 -363.03 .020 322. 3. 5669 3264.2 333.0 3.0099

32.000 5!0.832 3.960 980.8 -3812.5331 323.3 03.2 0.023 324. 386 8.903

33.00 58.968 .7 5. -03.8 .33 32.9 331.31 6.395 326. 336.0 3.03800 5300 305980.9 -383.23 .338 3'28.8: 30.9 6.392 328.8 335.'3 3:.806
35.0CC 605.830 ;.6'11 936.0 -33350.31 0 2. 0. .2 335.8 .3
38.000 828.039 3.592 926.8 -383.89 10 325.21 30.6 6.608 385.9 3.3
03.000 83.052 3.29 936. -8.0 93;6 325.0 10.9 I3.929 3.38.2 3.93
38.000 68090 3.60 8031.3 -386.50 .36 363 30.3 0.009 388.8331
39.000 6@08.931 3.82 80.9 -8 .09 .15 826.61 0. 0.20 338. 3.08

8000 3358, 3.351 9 880ý.3 -385.03 .315 32. 30. 3.308I, 331.0 ::,a;"

3300 8352 C.8 8.5 -385.38 .335 320.2 30.3 7.87F 33.2 3.83
3.000'C .20 .320 '2619 868.2'1 -358 38 339 9. 8.00 330.8 3.081

88.0CC 988.833 1.37E 956.8 -386.30 .11A 32P.2 9.8 e.276 380.9 3.923

36.00 0 9C.3 ? .0 88. -38.5 .33 32. 96 P.0 383 2
80.000 038!.208 1.06e 898.5 -3ý66.709 .313 92.3 9.5 9.089 838. ::828
88.000 985.105 1.03 920. -36.0 .32 129.8, 9.e.8 3. .2
89.00 9.35.37 1.005 8320. -302 .332 929.8 8 .39.60 8309.0 3.82

50.000 30ý25.38 .90 888. 96 32 3920.0 0.2 0.858 339.3 3.8200.8 3 1.08 2 .6 368. -339.8 .38 29.3 23.3 1.43'8 293.3 208.0 330.0 312.5 3.500 3.683



PRESSURE PxCFILE GAtA
SYSTEP LI0UID 6IPROPELLANI PC OCC PSIA
CCPPCNENT TREF FORMULA LENSITY 19 Eh1 FVRM WT. (!/0

CEG K ,M/Cc (KLAL/FtRk.4.r)
,96 CL.31 1 .8b -44. 35 75
298 '2.84 I.CC0 I,2.C5 25.

eULK CEKSITY 1.
54

3G0 /CC

MIXTURE RATIO =3.000 Lb OXIDIZLK / LB CF FUEL

PRESSURE PkOFILF rAIA

CHAMtER EKTRCPY 232.12 EU/1(0)S

C8AMOER THROAT

CkOZEN EXPANS'eN

PRESSLRE, PSIA ICCO 39b.1 158.5 65.1. 25.12 14.70 IC.CC 3.9ý1 1.5t5 .61I .251 .100 5'h2.i
TEMP, CEG K 392e.0 3159.6 2529.3 2C12.1 15M9.1 1380.0 1244.1 965.2 742.6 b64. 7 43. 3 331.7 3400.4
EhTFALPY (-) 26.58 53.e6 7. 77 93.25 10?. 1V 11. 19 118.03 126.5, 1 .09 1 18. 14 141.9 144.92 45.37
CP .3583 .3515 .3433 O 3330 .21 .il4H .i50b .2992 .291? .2PIP .2361 .286/ .3531
IFPLL OPT 154.Cl 2C6.87 240.84 264.10 215.4a 282.G6 z94.F7 504.41 311.13 316.bf 320.816 127.81
IPPGL VAC 228.94 251.50 271.35 286.61 293. f4 298.16 3C6.82 311. 11 318.19 321.it 324.64 224.95
EFSILCN I.CSC 1.573 2.700 4.873 6.949 6.992 16. 759 31.382 58.980 111.220 210.713 1.000

SHIFTINu EXPANSION

PRESSLRE, PSIA 1OO0 39E.I ISb. 5 65.IC 25.12 I 6.10 IC.CO 3.9-I 1.5e5 .631 .251 .100 561.b
TEPP, CEG K 392F.C 5633.2 2965.9 25GH.1 20O.4 181b.7 1673.b 1368.8 1092., P54.1 662.2 611.O 3616.4
FETFALPY (-I 26.58 55.71 78.76 99.05 115.82 124.08 129.62 160.4 4Y.41 156.64 161.92 160.15 44.70
x BAR 4.223 4.139 4.076 6.013 4.019 4.008 3.991 3.971 1.964 5.963 3.963 5.963 4.168

6 .223 4.139 4.014 4.011 4.019 4.0081 3.991 3.915 3.964 1.963 3.963 5.963 4.16b
CP .7764 .6599 .si5 .4184 .5s52 .5792 .5891 .5532 .1058 .2F184 .2816 .27e5 .703t
IPIPLL 0PT 156.45 213.05 251.1O 218.63 291.24 299.11 314 . 0 326.89 346.12 34 3.13 3411.6 125.57
I1PUL VAC 234.9e 262.07 2u5.92 501.19 512.47 318.45 329.1(3 36.34 344.H3 349.74 1553.48 229.30
EPSILCN .I6e 1.676 2.990 5.512 1. 14 10.413 20.317 39.138 74.7,1 142.55e 272.1(C3 1.OO

LCMPCSIT ICN SHIFII1G (FOL/100 UP)
28.92 CL .!471 .2771 .992 .1I75 .1115 .0906 .06b6 .0199 .0021 .0001 .0000 .u00O .9050

-16.5C CL.F .C006 .CCC2 .QGOI .0000 .OCCO .0000 .0G0O .00,O .CO00 .0OC0 .0000 .0000 .0003
-. 8.e CL.F! .0CO0 .0CO0 .0000 .0000 .0000 .0000 .000 .0COCO .OOCO .0000 .COLO .0000 .0000
-21.91 CL0- .4598 .53C9 .6693 .6706 .6865 .6869 .6p6b .6868 .6Pc .6868 .6H60 .6868 .5027

.CC CL2 .CCIP .CCI5 .OG13 .J016 .0066 .0168 .0219 .O523 .0612 .0622 .0622 .0622 .0016
IH.e6 F .C664 .0254 .0075 .C0I( .COC3 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0374

-66.5C F.- 2.3666 2.4C0C 2.4260 2.4318 2.4332 2.4336 2.4335 2.4536 2.4336 2.4336 2.4336 2.4336 2.395d
59.6C 7 .0000 .0 .000 .0000 .0000 .0000 .0000 .O .O .0000 .00 .OCCO .0000 .0000 .OOCC

.CC F2 .CCCC .CCCC .0000 .0000 .0000 .0000 .Ou0 .0000 .0000 .OOuo .0060 .0000 .0006
52.10 IC .1C65 .0504 .0161 .0022 .OCC1 .0000 .0000 .0000 .0OOG .0000 .OOCO .0000 .0690
79.2C 8.7 .Ccol .CGCO .0000 .0000 .OOCO .OCO0 .OCC0 .OoCC .0000 .COCO .OO O .0000 .0000

.C0 F2 .C936 .C65S .03145 .OC79 .0005 .COO0 .COC .Co0 O .OOCO .0000 .OO0 .0000 .0764
60.3C F2.5 .C0CO .0CC .0000 .0000 .0OCO .OOUO .0000 .0000 .0000 .0000 .0000 .0000 .000o

-11.04 O•13 .C0CO .C0CQ .Ou00 .0000 .OOCO .0000 .0000 .0000 .0000 .0000 .000 .0000 .0000
115.CC 4 .CO3 .00I .0000 .0000 .0000 .0000 .C0CO .00CO .OOC .0000 .0000 .0000 .0001

.C0 42 .7799 .70CC .780I .T0OI .7801 .18C0 .78CI .?701 .78C0 .7801 .78II .r8c1 .7800

-48-



256 C2SO 160 -o5 7S.

ISTAN T 3 A2. Fl/S IEC 1 1I~ I E F'A

EPSILON P0/6 P ASIA 5(77 6075tT79P CS CAL/ I 375*' ELVAC (ILIA E 9 06 A FSAC

0(6 6 Chit 500.Go016 (26 L7 Cli. 000 3200L
000C 70CC. 000 392.0a -26.6 . 551Is

;:.I000 1 6 1. 12 7.3 1 51.1 15.2 .5 27S.9 56.2 6.1925 2 211.01 295:.1 21:95. :19 ::.607

I. ( ( . 2 5 .9( 30 2 1F . 7 .1: 552 2 1925 1.6 55.9 3 267 0 939 296. 2 .05

20.000 190.C09 32.029 6929.9 -726.50? .29 296.99 77.08.. 2 63. 5 227.1 30 .9 7.2
27.0(0 5O.35. 23.972 (79.9 -C29.09 .29 2 9.0'S,9 30.2: '13.620 1. 31. 008 22.9 30 .0 AI $7.2

23.100 4.1:934 2.0:617 60.21 -7 0.0 .!291 300.0 50.3 .96 2903.1:1 25: 370.3 7.733
OS.011.1 09.3 2.6 (7. -709 .29 307.9 9.9 2.6 50. 7. .3

2I.0, 56.6 2.0 (3.6 -737.55.29 3079 98.1 16 . 70162 323. 3770:2 76

3 0 .00 396.577, 7.662 757.0 -732.66 .3 t292 50. 7 . 7 1 5. 00 3792 2 .97. 0

32.00 65050 7.32303 -732 .9.007 66 .0 3713. 7.750

35.000 21S.16 7 .500 7090.0 I -73.07 .291 305.9 6.52 . 57 30. 77

36.0001 66.2 7.5 607.5 -730.99 .972931505. 6.7 .09 375. 7.70

"7.00 92996 7 050 00.5 -73,85.0 .'290 3137f .9 71.0 7 37566720

03.000 5059.07 2.967 050.3 -730.509 .290 362: : 7. 7.607 35501 10.7.
06 0 7 5 .26! 2 .9209 600.0 -735. 97 .26 30 . . 6 0 55 6.. 0

0.00 509.2 .979 03.9 -70. 0 .29 0 .7 7 .5 9.27 57. .

67.000l 776.6521 .60 06.2 -736.69 .269 30. 7.0 ..7 376.6 5.706
06.000 77675 . 361620. -730.60 28 5009.r0 .3 .3p6.75 37..0II

200.000 72,67.07 .7 9 07.0 -136.60 .269 30249.9 7 .2 1 9.707 377 7.2
69.90 600 50.09 1736.0 -77.32 3 07.037. .9 255.9 267. 295.0 2;:35. .1 .0

CCO~ S788S5 1. 6 59 0. 55/SEC

* 0 00 . 0 396T.0 -126.56 .7762 .30 . 3 2 6 .

5.0001 5.7060 56. 19 05.0 -002.70 .7039 2 703. 7 9 .1 76S 220 .0 22.6 29. ;29.5 7.02 7.2

52.000 50.937 142.762S.. 997 . 966":ý 2 57 . 30.6 0 239 2C5 257 200 71. 05 7.509

5.000 50.69 26672565 -750 .0 709 2. . 991 267.9 292. 320.7A 305.6 .3 5 .3

6.00 (.37 7602 97. -720.70 0.576 .29 .523. 6.577 29. 35 .6 5.9 7.0,95

7200 72.00 623 7606.0 -737.90 .38 30.T9. .2 377.242. .5

56.00 Ol27 t 5.2 7035 -2.9 .7 0 .6 6. 2.997 32 .9 2. .
72. 000 9.55 5.03 66.500. -735.75 , .390 37701: 70.0 3.7 259 37., .

AS00 111 02 9: 669 5026.71. -739.0. 236 352.25 ES.6 3.95i52. 327.9 5.770.
59.023.0 0.30279.7 -739.66 I3T9 355.0 55.5 e359 32. 326..5 7.70

20.000 206.517 0 62 737.0 - 0.2 5 . 35 0 ,550.5 75. 7.9752.239. 7.65

23.00 305.507 3.527 535. -702.72 .30 353 7.2 62030295. .9

2100 3007 263O20 700 53 5207.0 583. 5.065 575420 . 7 29 3321.7 158 .67.06

3900 9.397 2O.20650 0. 76030 3228.0 52. 5.3 32.A357 .
35.000 ~ ~ ~ ~ ,: 662.07 2.56 56. -760 .57 329 26 563325:.0 335. 7.97

33.030 303.397 &7.96 5567.0 -797.27 .37 320. 5.3 0.566 32521 .9 33. ' .126.3 7.022ISA
"3000 52 . 9 7. 0 5509. -5 1 6 3 65 2 .5 529.5 6. 30 3. . 6 294 1 25.6 33 .7 4 7.6200

36.000 58.7 .6 560 -0.2 235 32 57. 6.0 ' 939 53. 5.62
31.0.0 .561522f..702.550.02-768.729.309.326.757.7360.071337.5 17.62

38 G0O 0.3 15160 50.3 -709.05. 306 3 26.0 57.0 ? 6.002 30 362.0 7.65739.000 626.59 7.3592 17093.9 -709.56 .366 526. 555 .206 356 . 7.832a
60. 0025.53 5355039 -096033 2. 5...9 33. .7.60

6500 w7.6 5.080 5002 -0.9 36 356:72 152 3. .3

6600 60.0 :.2659.0' -50.32" .29 329. 50. 6.7 1.5002.7 7.72

67.000:5" : 827.533 7.20 60 7 2 45 . 5 .299 329. 50 .6 . 15 0 . . 0

30.600~ 90560 5.6f9. 5522 .29 3309.7 50.3 .0 30.0 5.0
7.0 6600 0.69 5667 -2.8 .7"9. 25.6 .79 7.9 21. 370.6 352.9 5 .377 9

S.036 N..::3AI : 331: 270 11`
...I.2. 141 11 3 1 6:* 3 S 2: 2:



PRESSURE PROFILE CArA
SYSTEM LICUID 8IPROPELLANT PC ICOC PSIA
CCM P(IN NT TREF FORMULA CENSITY hEAT FORM wT. 0/0

EEG K GM/CC (KCAL/FORM.wf.3
298 CL.F3 1.8b0 -44.35 80.
298 N2eh4 I.C0 f 12.05 20.

RULK DENSITY = 1.601 GM/CC
MIXTURE RATIO 4 6.000 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE CATA

CHAMeER ENTRCPY 217.4C EU/I0GiPS

C-AMBER THROAT

FROZFN FXPAXSI10
PRESSLRE, PSIA ICo0 39e.1 158.5 63.10 25.1. 14.10 IC. CO 3.9b1 1.585 .631 .251 .100 537.1
TEPp, BEC K 3588.8 2868.4 22611'5 1762.9 1 70.P 1119.2 1056.6 808.9 615.3 467.1 3564.5 267.5 5073.3
ENTIALPY (-I 3C.85 54.71 73.59 88.46 100.06 105.58 109.05 115.95 121.22 125.23 128.25 130.58 4F.52
CP .3253 .3187 .31C6 .3009 .2909 .2850 .2815 .2147 .2115 .2696 .2683 .2670 .3209
IPPUL OPT 144.C0 192.82 223.85 245.3?• S 4.96 260.81 272.C8 280.38 286.53 291.08 294.56 120.41
IPPFL VAC 213.55 233.81 251.53 265.C1 271.21 275.C5 282.52 288.C9 292.25 295.56 297.74 210.12
EPSIL('N 1.046 1.550 2.62V 4.6P5 6.630 8.534 15.719 29.168 54.426 102.146 191.312 1.000

53IFTINU EXPANSION

PRESSURE, PSIA 0co0 398.31 5H.5 63.10 25.12 16.10 1C.UC 3.981 1.585 .631 .251 .300 549.4
TEPP, CEG K !588.8 2981.6 2515.6 2169.4 1P96.7 3175.1 1662.2 1439.4 1204.9 964.1 754.5 587.0 3179.2
EFTIALPY (-1 30.85 5S.3l 15.19 91.98 106.25 313.58 118.45 128.90 131.69 144.86 150.48 354.88 47.11
X PAR 4.066 6.C0I 3.970 3.886 3.795 3.745 1.712 3.648 3.612 3.603 3.603 3.603 6.045
K 4.066 4.033 3.970 3.t86 3.795 1.745 3.112 5.648 3.612 3.603 3.603 3.6C3 6.045
CP .4342 .4S5P .5612 .6687 .6960 .6650 .6231 .6190 .338) .2772 .2650 .2610 .6356
I1PLL OPT 145.31 196.39 250.60 256.10 268.26 216.05 292.06 304.86 314.89 322.60 328.48 119.35
I1PUL VAC 216.82 260.16 262.21 280.39 289.47 295.38 307.59 337.20 324.43 329.88 334.04 212.41
FPSILCN 1.057 1.633 2.948 5.694 8.496 11. 75 22.983 45.845 88.986 170.736 321.693 1.000

CCMPCSITICN S3-IFTIKG IMCL/ICO GM)
28.92 CL .6103 .6831 .6216 .6958 .1467 .25til .3991 .0831 .0180 .0013 .0000 .0000 .6857

-13.50 CLeF .cc09 .oi0c .0327 .0510 .0690 .0182 .0860 .0961 .0986 .0995 .0995 .0995 .0144
-!8.81 CL.F! .0000 .0000 .0000 .CO0 .0000 .0000 .Oc00 .00CO .OCO .OOCO .0000 .0000 .0000
-21.97 CL.3- .1552 .C0IF .0666 .0214 .0089 .C050 .0032 .CC09 .COCI .COC0 .0000 .0000 .1121

.OC CL2 .0149 .0361 .U822 .1486 .2213 .2620 .2892 .3433 .3742 .3822 .3828 .3829 .0263
18.86 F .2510 .1131 .1134 .0699 .0395 .0263 .0188 .0063 .0010 .0001 .0000 .0000 .1988

-64.50 F8.3 2.!!48 2.6041 2.4496 2.4649 2.4814 2.4912 2.4931 2.4954 2.4961 2.4962 2.4963 2.4963 2.382t
51.6C 8.8C .CO00 .CC00 .0CO0 .COOO .C0CO .0000 .COCO .COCO .OOCO .0CC0 .0000 .0000 .0000

.0C F2 .0CO .0000 .0000 .0000 .0000 .0000 .0000 .0000 C0000 .0000 .0000 .0000 .0000
92.1C - .CO48 .003 .0000 .0000 .OCCO .0000 .COoo .000 .0000 .0000 .0000 .0000 .0009
19.20 C-h .0000 .0000 .000 .O0000 .0000 .0CO .0000 .00CO .0000 .0000 .OOCO .0000 .0000

.C0 F2 .C0007 .000 .0000 .00 .0.0000 .CO0 .00C0 .00c0 .0CC C0CO0 .0000 .0000 .0001
4C.3C 3-2.6 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-33.04 F3-, .0000 .00CC .0000 .0000 .0000 .C OOO .0000 .0000 .00C0 .0000 .0000 .0000 .0000
113.00 8 .CO .CCO .0c00 .0000 .00co .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000

.CC N 2 .6240 .6241 .6241 .6241 .6241 .6241 .6241 .6241 .6241 .6241 .6241 .6241 .6241

-so-



SSY$rEM 1 K8015 18P68I'L0A88 PC t000 PSI.
C08868.66T IREF FOAPfULA 6563189 8683 F1711 68. 3/a

298 CLOOPS 81 -88.~•439 60.

298 N2.]' 1.00N 21200, 20.
FROZEN EXPANSl27SC 1SF - 9368.3 Fl/SEC

EPSILON PCjP P PSI& TIPlP ENTALPY cp C AL/ I 1pr SELVAC 77816C .SEA 2 Ar A 1 i 9 CF SEA CF VWC
CER K 6C0L/IOOG1 Cr DEC /F t.L 0000 50000 D DVL

.0CCO ICC.OOC I N•s.8 -30.85 .325
I.0.. I.880 . 37.. 52 5013.1 -47S.2 .r21 820.8 89.1 .167 2C0.7 206.6 209.8 210.0 .25 1.259

2.000 78.0C2 90.191 19 11.6 -61.84 .306 211.22 32.2 .9 2980.2 23N.8 282.8 288,. 4 .82 1.859
1.000 8.91. 50.066 1862.7 -171.6 .299 229.r 2581 .50. 267.8 288.9 256.2 255.7 .88 1.528
6.000 1.198 81.889 !6..7; -91.25 .298 240, 21.6 .881 291.8 238.8 260.6 261.1 .909 .569
5*.00 86. 86 22.653 352.8 -101.11 .290 241.3 18.9 .I98 296.0 257.7 268.0 266.3 1.522 1.596
8.000 50.536 1I.ore 1231.6 -:04.C9 .287 226 1. .00 29.8 259.2 26.11" 2911: 1.5277 .
1.Cco 76.0C6 13.512 11T1.? -0I6.856 .2881 25•8.3 9. 1.169 260.1 270. ? 2,2.1 1.631
8.COC 900.755 11.019 1016.8 -108.20 .282 29•9.6 18.7 I.336 260,.8 271.8 216*. I 1.66.39.00 08.51 9 8.208 1032.6 -108.73 .261 261.h 1-.9 1.601 273.2 275.8 8.65.

10.000 127.55 7.818 9185.9 -111.03 .278 2661. 13.1 1.862 216.6 277.2 1.661
11.000 788.280 8.78* 985.6 -112.16 .278 266,0 12. 1.8l3 275.3 217.6 :.661

12.000 169.398 '.903 910.1 -711.18 .277 267.0 12.0 2.025 276.1 278,. 8.675
13.000 198.C51 5.234 878.1 -114.01 .277 269.0 11.5 2.193 216.7 280.6 1.681
61.000 213,081 6.89' 890.5 -114.79 .?76 270.2 11.1 2.356 277?. 281.3 1.686
). 000 235.2086 .252 825.1 -11S."6 .275 21.1 80.7 2.516 277.7 282.0 1.69018.0C0 238.308 3.871 C02.0 78.84 .275 272.6 80.3 2.6r1 278.' 282.1 .63817.000 2E4.23 .. 51 11C. 8 -11;.1I .2 213. 3 10.0 2.891 27e.5 28J.3 1.698l1.CCO !10.9-1 3.216 161.6 -117.28 .278 278.1 9.1 3.03 1218.7 283.9 8.701

19.000 538.555 2.955 783.6 -111.73 .213 278.9 9.5 3.219 278.9 286.6 81.05
20.000 866.386 2.730 728.7 -118.19 .271 275.6 9.8 1.3989 2.8.9 1.701
21.000 396.7810 2.533 711.3 -118.88 .213 278.! 9.0 3.5.71 279.8 285.8 8.710
22.CC0 2 1.51C3 2.:61 696.8 -119.00 .23 216.1 8.9 3.78 279.6 285.8 9 1.111
23.000 852.519 2.210 683.3 -118.37 .272 227.5 8.l 3.989 279.5 286.2 1.715

2.000 881.808 2.016 670.6 -118.72 .272 278.0 11. 8.082 279.8 286. I.717

25.07CC' .720 1.958 658.8 -120.06 .272 278.5 8.3 8.268 279.8 285.9 8.719

26.0C0 519.70 1.2:53 668.3 -120.85 .272 279.0 8.2 :.l01 279.7 287.2 8.727

27.C0O 58.730 1.758 836.8 -120.88 .272 219.5 8.0 8.553 279.7 287.5 6.723

21.000 599.532 1.6878 628.5 -120.91 .271 279.9 7.9 6.700 287.8 71725
29.000 826*1G1 1.591 616.9 -121.78 .271 280.8 7.7 8*808 288.0 8.926

70.0C0 '9.2 1 1.51! 801.7 -121.63 .271 280.7 7.6 5.016 288.3 1.728

3I.0C0 6953.830 1.88 598e.9 -I12.66 5 .21 281.1 7.V 5.12 6 288.6 8..29

32.000 729.079 1.372 590.8 -120.89 .211 281.6 7.t 5.377 288.8 71.51

2e.0 776.175 7.308 582.6 -722.11 .277 281.8 7.3 5.557 289.0 7.732"38.000 807.022 7.266 579.9 -122.31 .277 282.1 7.2 5.738 288.2 1.173

35.0C0 837.7.3 1.198 561. 2 -122.51 .211 282. 7 7.1 5.019 289.6 1.:75

38.000 876*.873 1.163 560.6 -722.10 ,271 282.! 7.0 7.097 289.6 1.7386
31.000 972.715 1.097 598.8 -722.81 .211 281.0 6.9 8.278 289.7 7.737

38.000 550.232 1.052 56.9? -123.06 .270 283.2 o.8• 86=53 290.0 1.73$8
19.000 088.3689 1.012 581.1 -178.2!a .270 283].5 6.7 6.629 290.2 1.719"90.000 1026.802 .918 535.0 -123.38 :2 28.7 6.9 8.806 290.6: 1.170

A I.000 1085.268 .939 928.2 -121.55 .270 286.0 8.5 8:. 978 290.5 1.781
12.000 I103.969 .908 523.8 -123.70 .210 286.2 6.5 7.167 290.7 1.22

83.]000 11762.756 .81?5 518.2 -128.85 .210 2884.8 6.6. 1.117 290.8f 1.763$

68.000 7181.762 .8168 573.0 -I13.99 .270 286.8 8.3 7.683 281.0 i.786l
65.000 1220.570 .719 5C7.9 -728.72 .270 288.8 6.8 1:.86 291.1 1.765

88.000 1253.509 .796 903.0 -726..26 .210 285.1 6.2 7.810 291.3 8.786

67.000 1298.A31 .710 6.98.2 -126.39 .270 285.2 6.1 7.970 281.6• 1.188
67.000C 1337.310 .768 093.6 -128.51 .270 285.9* 6.1 8.128 201.9 1.17T
69.000 1378.726 .727 8*89.2 -128.83 .210 285.6 6.0 8.285 291.6 8.788

50.CCO 11. C21 .701 66.@ 8 -7 121.7 5 .270 285.8 .0 8.6 291.8 8.769

6 . 8 30 6 8. 0 6 8 1I.:9 6 1 1 79 . 2 - 1 05 . 5 8 . 2 8 5 2 5 5 . 0 1 6 . 1 1 . 1 0 6 2, 5 . 0 25 9 . 9 2 6 9 . 1 2 7 1. 2 7. 5 2 8 7. 6 2 5

ig 6II, :C 8A65135

9: CC 5r0 2 9689.2 Fl/SEC

8858119 6028 P 8518 7688 66716089 CP CALl I 983 CELSAC CELVAC I SEA I Ar S 67 I SAC C.F 586 06 YAC

081. 6( 60802OOG 1008 060 /8 680. 70000 50000 090
1.000 7000.000 3588e.8 -30.85 .896*1. 0 1.82 0 5 9 .1 0 1 7179.2 - .173.2 . .1 9 3 .1 70 210.0 2 . 7 2 12 . 2 72 .5 1.251 1.2 96

2.000 9.551 107.703 2369.8 -61.98 .606 211.9 37.5 .858 263.8 285.2 268.3 289.9 1,- 3 1.8h65

3.000 76.289 87.892 2161.0 -92.61 .8r1 231.8 37.3 .517 255.3 257.5 281.9 282.8 1.908 7.987

h.000 25.215 8 3.859 2329.6 -99.0 .893 263.9 21.6 .697 281.0 266.7 270.7 277.3 1.S 5 1.997

5.0C0 38**.020 29., 9 1966*.6 -103.69 .628 2D1A. 2•9. .865 266.5 288.1 215.7 217.2 1.957 1.632

8.0C0 82.80C6 23.361 1877.6 -107.25 .2.6 257.8 23.8 7.027 266.7 621.2 279.9 281.7 1.50 0 1.698

7.000 3.2.190 78.963 1823.1 -170.1 I .8868 262.8 22.8 7.798 267.7 273.0 283.2 9. ? 15 .5?I76 1.619
8.C00 82.989 1C.88 177.5 -112.53 .672 268.6 27.8 7.362 288.2 278.2 285.9 288.2 1.979 1.696

9.CC0 73.50• 73.605 1739.2 -116.7. 898 269.8 20.8 1.530 275.0 2.88. 290.7 1.711

10.000 88.339 11.829 7103.7 -116.35 .863 212.7 20.1 .701 275.6 288.9 292.8 7.72"

11.C.0 95.:59 70.688 7672.9 -177.91 .829 275.2 79.9 1.70 275.5 291.5 291.7 t.735

12.CCC 10*.143 9.30?2 1865.1 -119.81 .818 2I.6 19.0 2.062 292.9 296.6 1.765

13.C00 719.88 8.351 161.... -120.57 .589 219.8 8.S 2.218 298.7. 297.9 8.75.

16C000 112.21 7.569 17596.2 -10I.52 .585 2 18.1 2.335 275.2 298.3 1.762

1*.000 165.028 6.895 1576.*5 -122.7 .571 282.8 77.1 2.511 298.1 300.5 1.769

18.000 158.052 6.'27 1556.2? -123.73 5l 8 286.9 87.6 :21.78 297.0 301. 8.7826

27.C0 518 .238 4 5.80 8535.6 -126.63 .56. 8 77.1 2.821 21.: 1 302.7 1.7! 2

18.000 7886.525 5.6.19 1511.0 - 125.166 .533 286.9 76.8 9.093 2986.1 303.6 1.89•
19.000 192.888 5.059 1500.0 -728.26 .521 28:-.1 76.5 3.262 299.0 3061.5 1.194

20.00 218.278 8.798 76.75: -7Ž6.96 ,510 288.2 88.2 1.628 299.5 305.6 1.796

21.000 228.870 6.651 1668.2 -127.65 .899 290.2 18.0 3.59 1 300.0 306.2 7.802

22.000 238.0335 6.207 1653.8 -128.29 .689 291.1 15.8 7.157 300.5 306.9 7.807
23.000 2C1.8*C0 3.917 1839.8 -128.91 .679 292.1 15.5 3.907 300.9 307.6 I1.98l l

28.C00 266.639 3.750 1825.1 -129.69 .668 292.9 85.3 8.087 308.3 30 2. I.87 5

2.*00C 282.088 t .9565 1811.1 -130. 18 .660 293.7 1. 1. 6.268 301.6 308.8 1 .61.

28.000 297.719 9.358 1968.8 -I30.5 .8158 292.5 86.8 8.969 301.9 809.5 8.822

27.000 383.688 3.888 1.8.1 -131.08 .863 295, 86.8 8.630 302.1 110.0 .825

28.CC0 329.393 .032? 3373.9 -11938. .6135 298.0 186. 6.810 822. 510.6 1.828

28.000 368.012 2.890 1382.2 -132.08 .828 296.? 1r.6 6.996 302.8 311.1 ::831

30.000 382.308 2.759 1 350.8 -732.66 .620 297.3 88.3 3*169 302.7 311.6 9.838

31.000 978.075 2.898 1339.8 -132.88 .'13 231.3 86.1 3.368 302.9 312.0 1.832

32.000 395.760 2.527 I729.0 -733.29 .808 292.3 17.0 5.526. 30.0 312.5 1.820

3.000 612.57 2.6,26, 1388.5 -131.88 .600 299.1 3I.8 3.700 303.2 312.9 1.8672

36.0OCC 629.8C 2.328 1308.3 -123.05 .896 299.8 13.7 5.876 803.3 373.3 8.869

35.000 68.130 2.710C 1298.6 -138.88 .988 330.2 13.5 2.067 303.6 313.7 8.872

38.000 883.306 2.I158 1288.8 -136.18 .382 900.3 33.6 6.281 303.5 3761.8 8.969
31.000 80.31l8 2.082 1279. 6 -135.88 .37 5301.2 3.3. 986 303.8 318.5 8.858

38.000 .98.355 2.011 1210.2 -I35.64 .532 308.6 19.2 6.553 803.6 3169.8 1.85

39.000 386.805 1.966 7268.2 -135.15 .387 3027, 3..1 6.72 1 303.7 375.8 3.655"60.000 53'.81 8.882 8252.5 -138.08 .382 902.3 82.9 8.880 803.1 315.5 8.852

88.900 568.5161 .82 1283.9 -138.36 .359 903.0 32.8 7.9:0 303.8 315.8 8.859

62.000 56,3.539 8.7A8 1235.,5 -758.65 .353 383.8• 82.7 *1.98 303.8 318.8 8.861
835.000 582.592 8.719 1227.3 -836.93 .389 333.3812.9 7,955 303.9 316.6* 8.863
66.000 939.809 8.868 7289.3 -137.20 .365 398.,2 82.5 7.509 3,6.1 8.866
85.000 681.681 1.622 1128.61 -123.88 .3"1 308.9 32.6 7.681 311.6 1.868

8.000 833.313 8.517 8203.8 -.737.7 .338 386.8 89. .1 7.815 37.28 9 .88

61:.00 833.588 8.530 1195.8 -137.98 .335 305.3 12.2 7.986 311.5 1.809

800CO 883.335 3.185 1188.2 -138.23 *.32 305.8 82.1 8.322 317.8 1.821

C8.000 693.5383 3.82 8180.8 -138.46 .329 388.0 82.9 8.51 3818.0 1.872

5 :0 713.520 7.602 118,7.3 -38.120 .327.1 306.3 82.0 8.530 318.3 7.876

8.69 6 1.86 88.896 1.3 -113.58 .685 268.8 28.2 1.663 268.3 216.6 287.0 289.5 1.579 8.708
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PRESSUIE PROFILE CATA

SYSTEM LlýUI0 BIPROPELLANI PC 30C PSIA

CCMPONENT TREF FORMULA tENSITY 1EAT FORM td. 0/0

LEU K .M/Cr. (KLAL/FORF.W1I.I

29e CL*FI: .- -44.55 55.

29i N2.-H 1 .0Ck 12.CS 45.

HLLK DENSITY = I.- 31) GM/CC
RIXTLRE RATIO = 1.222 Lb CXIOIZER / Lf OF FLEL

PRESSURE PROFILE £A1A

CHAP-ER ENTRePY 292.76 EU/ ICCGIS

Ct-AM8ER THROAT

FROZEN EXPANSION

PRESSURE, PSIA 3CO.O 13..? 60.49 21. 16 14.0 12.20 5.41T 2.46C I. IC* .496 .223 .100 163.3

1EMP, CEG K 2935.0 2439.6 2017.6 1659.1 1421.6 1355.2 l098.8 EPt.C 7Ce.e 565.3 449.9 358.1 2551.4

ENTIALPY I-I 9.46 32.13 52.02 67.93 (H.If 80.91 91.59 100. 17 10f.06 1 12.,57 116.96 120.46 27.52

CP .4717 .k63? .4505 .4363 .4267 .42 1 3 .40(2 .4956 . i30 .*i 1 7 .3794 .37(7 .4663

IPIP.L OPT 162.26 192.41 225.53 266.68 269.?2 267.29 2b0.91 .291.38 299.50 305.01 310.71 125.33
IFPUL VAC 223.12 26I.F6 260.22 271.90 215.04 2F6.6e 295.17 302.65 5CH.0 312.75 516.15 221.3.

EPSILCN 1.021 1.391 2.1Il 3.1 6 3.573 6.021 10.216 1 1.669 30.515 52. 999 92.455 1.000

SHtIFTI[G EXPAKSION

PRESSLRE, PSIA 3CC.0 13'.7 60.69 27.16 14.10 12.20 5.477 2.660 I. IC0 .496 .223 .iCO 165.3

TEFP, CEG K 2935.0 2517.3 2115.6 1751.1 1506.1 1435.8 1168.2 964.0 758.1 606.3 684.2 408.3 2623.0

ENTHALPY I-1 9.66 33.03 52.95 69.54 MO).-0 85.20 96.36 103.41 110.70 116.54 121.21 126.96 27.38

x eAR 5.695 5.619 5.405 5.602 5.6C2 5.6C?2 5.G2 5.4C2 5.602 5.402 5.399 S..345 5.625

% 5.655 5.619 5.605 5.602 5.602 5.4C2 5.60 .5.6C? 5.4C2 5.602 5.399 5.360 5.425

CP .6582 .5435 .47k3 .4426 .42E6 .4245 .4C96 .3971 .3818 .3826 .A185 18.1910 .5689

1PPUL OPT 143.19 194.51 228.62 248.1 1 251.218 271.17 285.88 296.17 305.2 31 1.T9 316.98 126.83

IRPLL V8C 225.55 265.36 266.39 276.69 279.75 291.84 301.30 30b.70 316.68 319.06 322.93 223.39

EPSILN I .C25 1.609 2.208 3.231 1.640 6.166 10.513 18. 11 31.366 54.516 99.815 1.000

CCMPCSITION 5HIFTING (POCL/I00 GM)
28.92 CL- .0211 .0010 .0014 .0002 .OCCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0091

- 13.5C CL1F .0CO0 .CCOO .0OO .0000 .0OCO .0000 .0OO0 .00O0 .0000 .0000 .0000 .0000 .0000

-38.87 CLF3 .CcOO OCCO . 0000 .0000 .0000 .0000 .0000 .0000 .0OCO .OOOC .COCO .C000 .000C;

-21.97 CLeI- .5137 .5179 .5935 .5967 .5969 .5969 .5969 .5949 .5949 .5969 .5969 .5805 .5852

.CC CL2 .C000 .0co0 .0000 .0000 .0OCC .0000 .0000 .0000 .0000 .0000 .0000 .0000 .000U

18.86 F ,CC06 .COl .o00C .CcOo .0000 .0000 .0000 .oUO0 .0OCO .0000 .0000 .0000 .0001

-66.5C F P. 1.7e40 1.78b5 1.7846 1.7866 1.7846 1.7846 1.1846 1.71346 1.78e6 1.7866 1.1846 1.7866 1 . f865
58.6C F.N .C0co .0CCO .0000 .CO00 .OOCO .C000 .0000 .Ou00 .0000 .0000 .0000 .0000 .000U

.00 F2 .cooo .0000 .0000 .0000 .00CO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52. IC P- .C35 .0263 .0050 .0005 .0001 .0000 .0000 .C000 .0000 .0000 .0000 .0000 .0369

19.2C 6-N .Cc0o .COCO .OO00 .OCO0 .0000 .0000 .0COC .0000 .0OCO .0000 .COCO .0000 .0000

.CC 1-2 1.5E76 1.6C89 1.6167 1.6185 1.6115 1.6185 1.61d5 1.6185 1.6183 1.6177 1.6136 1.5762 1.6069

40.3C H2.1 .0000 .0000 .0000 .0000 .OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-11.06H .3F .CO1 .COCO .0000 .O00 .0000 .0000 .0000 .OC)0 .0002 .0006 .0033 .0139 .0000

113.0CC .C0co ,CCCO .0000 .0000 .0000 .0000 .0000 .0000 .OOCo .0000 .00C0 .0000 .0000

.OC P,?2 1.0•01 1.AC41 1.4C1I 1.4C1 1.6041 1.4041 1.4041 1.4061 1.401 1.039 1.4025 1.3900 1.4041

-15.3E CL.HIP6N/C .0000 .0000 .0000 .0000 .c0co .0000 .0000 .0000 .0000 .0000 .0000 .0143 .0000
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LEG 6 46/CC 9E041/S049A.49.

C 95EC93 P/EEPSILON PC/P P P514 TEPP kTMLPV OP C ALf 9 D9 0L30C /C S EW A I 40 I~l 47.1 1 WAG CF SEA CF VAC

CEO 9C" s0910 7SC/ 1141 0009 20 50000 1: 199.
1.0CCO 1 65 '35 2551.' -21. .46.5..60 .5 2:.7 2. 220. 22 1. 5.20 .251
2.C 10.092 29.7571712.1 -4.4 .:59 2215 3.k.1 3. 29. 255. 257. .5 .55.C 16.71 r.2 5. 7.7 94 223 2.3 .47 2.4 5.2 4.5 70.9 1.946 1.5553

4.00 2939 1.20 29.1 -4.4 .18 259.9 2I.1 2.157 2756 2' . .57
5.0CC 41.572 7. 21 11: 0 -6C0 .1 6.9 2. .5 2713.9 292..9 .40

4.0C 4.95 5.05110.4 -$1.53 .A07 241.7 19.A 3.528 26.624. .25
7.00 9.91 4.24109. -4.2 .90 2'1 .S' 7. 9.1:9 29 . 129. 1.6k26.CC 95.097 5.52 97. $.1 .40 27S. 149 .70 295.7 29:1. 1.959.0CC 1:2,14 2.944 955.9 -96.21 .506 27.3 V5.6 564699423. .4

10.000 11749 2.555 994. -33.9 .59 260. :1.1 5.99 24. 295. 1.675
110C 1 4 2 2.1' 64. 10.3 .99 28. 194 449 26. 294.9 1.695

12.000 1;4.77. 1.93e 930.7 -102.51 .593 299.2 93.9 3.10$ 29. 296.C 1.9
9I.000 174.717 :.?1? 909.9 -105.54 .91 : l 29591 3. .2 9. 7..9

14.000 155.911 1.554 77. IL9 90 27 2 12. 9.200.0 1.701
1500 ;151, :"99 75. -ISl ".36 '299.5 12.9 8.911 500.9 .0

cc4cc00 239.490C 12,# 756.5 -105.3S2 s38p 269.7 52.0 9.%79 50 9.7 1."7117T.000 257.405 I.99 720. 1 - 1044 197 230. 1 1. 10.2 502:.4
18.CCo 29992 PC74 70.9 -9107.271 .397 2991.7 91.6 10.2591531 .1

20.00 027.900 .915 4793.4 -109.45 .3864 295.9 10.8 11.@29 9 .2 1.125

22.000 53.5 .7547. 19.5.6 299.9 1091505 305.2 3

24.0002.. C7092 .9 4 9.9 '11.5 .9 294.2 9. 1,2650.11, 3

0.00C0 590.540 .508 549.5 -12. 1 .56 29. .01.49362 .

"3900 49.53 .8 541.9 -112.710 .382 299.7 9.1 96.12650. 170
32.0CC 499.201 .442 545 -1.9 5 99 .30. 9.7 916.95 50.C.5

9300 60.C .4159. -1525 .9130 6.4 19.473 309.1 9.754
5400 1.25 .92 39. -1153.51 .349 9000.9 4.5 20.099 30. .75400 112.65 99592! -197 .90.30. 2 6. 2079 509.0 1, 5

94.00 77.69 567 52.0 -15.$ .69 90.9 6. 29.325 509.6 1.5

'600 73.5 .37 599 -1.9 S29 3322 9.025511.9 9.759o

90CCO e95.130 .331 S5S -996 .30 929..,574 9. 9.9

42.000 .7.997 .309'495.9 -115.19 .960 505. 7.7 2'190 11.'o7445.0 . 10 06CI II2 .299 990.4 -115.42 .58090 5. 7.4: 2.55161 3910.2 9.75

9SO0O0992 29 8.9 -99.40 .960 300. 1 . 24.957- 311. 9.7:14
9500 9093.9 .27 999.4-951 .360 50.9 7.5 24.7970 599.6 1.7k
94.000 990 .72 .29t .977.0 -995.33 .960 509.9 7.9 27.292 311.7 9,746S
9700 9999.959 .245 672.9 -9 6.0 .380 309.9 7.3 29.61131. 9.7169

490099599 .5 449.7 -999.2 3 .390 30.9, 7.I .2 392.0 9.77

49.0C0 92901.940 .299 469.7 -994.90 .360 30S.0 . 2 2999 33. 9.7

C':0 539 *75.2 P3/SEC

1.0 50060 2935.0 -3.96 26..2959 :7429.04 00 k I. 1S 45.263 2923.0 -27.36 ..s9 929.9 6. 4 .3 2994 29.12. 2. .4 9 .0

4.00 29.529 90.95 259.4 -259 .496 S 25. 2.99 2S,1'26. 2623..2 9 1.507

4.000 52.905 5.4793 9935.9 6.933 .9 27. 20. 1.9 265.2 ' 293.9 9.923I.S

7.00 27.IC III7 1::9. -34.7 296 7 .4 56 . 19 4 2 .0 5S 9.0 2671.2 299.4 1 .386 9539.00 9235 3 :14 902. -9.7 .01 791.12 S3.6 4.3929 2F 266.4 29. 9.459
9.00 99.099 5.04 19004.9 -999.09 .. ;0 262.2 0 94.4 5.92 299. 299.9 9.470

10.0 99.9 2.514.@90.5.9 6 .7 5.6 .9929.350% 9

99 00 930.792 2.295 3279.0 -909.097 . 40 24 . 975. 9 6.579 290.6 30 . .46

9.:00 999.42 .0 09 : 6 35. 2: -9:05.3 .395 764. 99. 1: 7:20S 29.10..3

93.000 916.5 263 976.0 994. 90.44 .393 2904.5 93.9 7.69 291.1 304.9 9.702
94000CC 16.300 P . 5 .95 999.3 -907.49 .592 2892. 33.5 6.476 94. 3 05.0 9.707

95.COO 209.390 9.4 9. -9954 9 29. 93. 9.0N 504.5 9.7921
"9'0 22I7 9.59 797.2 -909.19 .390 2 94.5 92.9 9.425 301.2 9.797

97.000 299.9919 ;7.20 777.0 -909.95 .509 295.9 12.3 90.1999 307.9 1.72'1
29. 2 C20.9 3.1 76.S90.2 .4 23. 92. 90.79 5009.0 9.2

20.000 339.405 .959 729.2 -999.99 .384 299.5 9.99943 9. 9.132

29.000 99954 .724 4 . 2 -956 .8 09.9 0 .' 99.69 3095. 7.725.00 93e9.639 .49 445.0 -999..I .$as 3020 90.9 1 507 572.3 I.?"5
24.000 495.S07 .424 454.2 -99.7 .364 902.4 70.9 1;b99.7 5..4

26.000 56.25 6564S.0 -995.49 .363505.0 90.6 94.93031.'s75
29.00 43.99 . :'S44. -995.7 of 8 304. 9. 970 555.0 1.750

30.000 399.3269 WS2 497.4 S A943 139 509.691 :174 5199 7S
390 55.73 .S0o 6035.2 -99S4.9 .363 305.0 9.:9:5133.9125

54.000 794.295 .90 52 3 -999 309.0 6.3 2359 395.7? .4
5720 637.429 .3. 556 -96.00- 574 9.4 22.22 340 9.456.000 90.4 .97 :59. -99.7 - : 30. I. 22.942S542 .6

90.00 9730.57 .4595 597. -99.7- 30905 8. 2407 334.4 1.770.

43000 9447.255 .033 5597 .9.3 5 -11 .8 5 309.2 6:.0 25.0 317.20 .799.000 110 :0.13 .300 924.9 -1.99.4 . 309.9 6. 2;'9.505 39. 1.776
9S.000 902.0 .20520-997:14 0. . 2712 597:.4 9.775
47.C 000 909.55 .231 593. -9::29.0 3 - 7 030.2 7. 920 337.9 9,777

9600 95.434 .245S07 -92.2 .9 59.9 7i.07 2.49369 7

50.00 991.209 .259 50 .7 ,92.53." I '30. 7. 3000 39.4 9.9
3.259. 2099 99. 36190.7 -609.24 .92 9 .2 .3 29. 5.927 262 247 7 3 1.2 27. 1.39 994

000 tco.83 300 26. -11.S. .S 0 2 'Os317.51.

":1I2. 19.1-1 ''M
'IC 11 .191 0 1.



PRESSURE PROFILE CATA
SYSTEM L11110 8IPROPELLANT PC 300 PSIA
COMPONENT TREE FORMULA GENSlEY IV EAT F(ORM kT. 0/0

EEG K GM/CC (KCAL/FORM.WT.I
293 CL.F3 1.,80 -4.,14 5 6S.
298 N2.H4 1.004 -12.0s 35.

bULK CENSIY = 1.440 GM/CC
MIXTURE RATIO 1.85 Lb XIDIZER / L1 CF FUEL

PRESSURE PHCFILE CATA

Ct-AMBER ENTROPY 269.49 EI IGO1S

Cl-AMBER THROAT

FROZEN EXPAKSICN
PHESSLRE, PSIA !CC.O 314.7 60.49 27.16 14.70 12.20 5.147 2.460 1.104 .496 .223 .100 16.3
TEMP. CEG K J391.2 2816.2 2329.1 1916.6 1643.8 1561.9 12f3.1 1027.14 823.2 656.o 521.6 1411.8 29145.7
E4IFALP - 1E.02 41.82 61.56 77.85 86.39 91.20 IC2.10 110.92 118.0i 123.68 128.19 131.77 36.51
CP .4178 .4C91 .4COC .3891 .3795 .9768 .3h36 .3523 .3428 .js61 .1332 .3317 .4111
IPPL1 OPT 143.91 1914.2 228.13 247.32 252.32 210.46 284.2H 294.93 303.18 309.59 314.58 126.81
IlPPL VAC 225.69 214.63 263.24 215.C9 218.29 290.14 299.36 306.60 312.21 116.63 320.08 223.86
EPSILCN 1.021 1.391 2.1T14 3.119 1.5t1 6.044 10.329 11.166 5C.687 53.1t3 92.La75 1.00C

S-IFTI- G EXPANSION
PFESSLKE, PSIA 3CC.0 1314. 60.49 27.16 14.70 12.20 5.14 f 2.460 I.tC4 .496 .223 In() 168.1
TEMP, DEC K 3391.2 2998.2 2610.5 2222.3 1934.7 1851.5 1522.6 12141.6 1005.9 808.5 647.0 516.2 3105.(
EkTI-ALPY I-) IP.02 42.39 63.53 8 1.9 91.48 96.16 109.30 119.57 17.91 134.64 140.05 144.36 35.99
X BAR .E314 4.161 14. 113 4.690 14.6b4 4.683 4.6V2 4.6P2 4.6E2 4.6t!2 1..682 14.62 4.179
P, 4.Pi4 4.761 16.113 4.690 14.614 4 .683 14.6b2 14.6H2 4.6e2 4.6H2 4.6t2 4.6H2 14.7t9
CP .e10 .6125 .5376 .4396 .140C .3925 .3126 .35HS .31411 .3316 .33 1 .3288 .7120
IfPLL OPT 1LIS.61 198.97 235.11 256.21 261.12 261.79 291.22 309.19 319.52 325. 1 931.59 125.04
IRPPL VAC 230.31 252.43 213.49 286.19 Z90.91 301.66 3114.1 322.35 32. 79 393.85 337.83 221.66
EPSILON I.C0 o 1.447 2.310 9.4C4f 3.8145 6.539 1 1.259 19.515 53.926 59.110 103.209 1.000

COMPOSITION SHIFTING (PCL/TOO UP)
2e.92 CL .1049 .0561 .0237 .0060 .0014 .0008 .C001 .O000 .0000 .0CO0 .0000 .0000 .0701

-13•5C CLeF .CCO0 .CCO .0000 .0000 .OOCO .0000 .OCOO .C000 .COCO .COOC .000 .0OOCO .OOCC
-'8.P8 CL.F3 .COCO .COCO .GCCO .0000 .000 .0000 .0000 .0000 .0000 .0000 O0OU0 .0000 .0000
-21.97 0LF .5978 .6448 .6192 .6910 .017 .1022 .7030 .7030 .1030 .7030 .1050 .1030 .632o

.CC CL2 .0002 .0001 . 0000 .0000 .0000 .0000 .0000 .0000 .0000 .COCO .OOCO .OOCO .0001
I8.lv6 F .CC0o .0019 .0003 .OCO0 .OOCO .COCO .0000 .OOCO .OOCO .C00 .0000 .0000 .002e

-64.50 FP- 2.1021 2.1C72 2.16H6 2.1091 2.1091 2.1091 2.109V 2.1091 2.1091 2.1091 2.1091 2.1091 2.1063
58.60 F.1 .0OCO .CoCC .00O0 .0000 .OCCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.C0 F2 .COO0 .C0CO .000 .0000 .0000 .0000 .C000 .0000 .OOCO .0000 .OOCO .0000 .0000
52.1C C .1906 .09e2 .0315 .OC89 .0019 .0011 .OCO .0OC .OO00 .0000 .0000 .COCO .1208
19.2C F- .CCOI .CCCC .0CO0 .0000 .0000 .OOo .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0OC -2 .1389 .7591 .7115 .7761 .1179 .7780 .1772 .77H2 .f782 .1781 .17b1 .1778 .7515
40.3C 1-2- .0000 .OOCO .0000 .OCO0 .OOCO .0000 .CCOO .0000 .0000 .OOcc .0000 .0000 .0000

-11.04 9-3. .0000 .Cco 0 .0000 .O000 .0000 COCO G.C000 .0000 .COCO .0000 .0O0O .0002 .OOCC
11.CC C .CC01 .CCC0 .Occo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.CC Q2 1.0920 1.0921 1.0921 1.0921 1.0921 1.0921 1.0921 1.0921 1.0921 1.0921 1.0921 1.0920 1.0921
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Co.309 P6LA 338018 00933 HEAT F6RM MT. 6/0
060 4 ~ ~~.80/C 3CL/6.33

29 62188 3XAS.008 Os.0 0

C 5366 - 3137.7 FE/SEC
EPSILON PC/P' P 5* 043 6338 CU CAL' 2 OPT EILVAC COIVAC I SEA 3eal 86 6 £ I 89C CF SEA CF VAC

3.0o !cCC.000 3391.2 -16.062 .8T

1.O 887 303 33. -304.9 .30 270.2 17.10 2.2297. 22391.3 : 3.258

39.CC 33.0 3.50 807.7 -33.30 .3&: 28. 130 0.3:337l.0

39.00 239.260 C.236 908C.9 -933.73 .3T% 29. 32. 6.6013 3732
7.000 20.301 1:.379 636.3 -33791 .59 299.2 3393.910. .739

6 'l I:I .393 2989 1. 0 33.906 307.9 3.2

22.00 370.307 2.985 1036.4 _ -30.38 .39SI10 2969 3. 332209'r.0 3.733

29:I.000 ll I' 92 :.01 2 .7 *03 72. -32.2 2339 296. 30. 3992 3 # :8 0 9. 9 $0.73:8,25.000 903.270 1.882 396.7 -323.73 .339 300.3 94.9 30.022:3 330.3 13.79
28.00 979 69 . 82 J 7 , 303.2 -322..30 .336 300.9 93.6 1.633 330. 7 3.797

270C 50.23 .093 982.2 -322.83 .336 30.991.8I 3.39 3390 3.798'

2 II.000 0388 2 .8 82.0 -32.35- .337 302.9' 8. 1.32 333. 1.796

301.000 5 8.06 .0 3 88. 3 3 97 .3%37 32 . 9..2 31.9 70C14 30S32..0
331.00 839.2011 .969l 85.1: -323.73 .33 30. 3 9.'68733. .o

32 .000 8993 .8 800 -329.06 .338 337 6. 39.8 332., 1.723

39.000 3109.3-7 .8209 826.6 -329.80 .338 3098. 0 .6 3.620.32 333.3 3.358

36.000 78.979 .390 839.0 -120.30 .3%0 300.2 60.9 23.890 333.83.7

30.000O k9679.16 .320 800.3 -3 25.58 .335 300.9 6.2 22.600 383 3 .7831
39.000 6S .3 .38 I093.9 2: -3225.73 .330 3014.2 832.3 3. .9

8000 09.62 .S33 2 093.8 -320.66 331# 30 .0 6.0.28.2 33l.0? .

8300 9.3 .32 6.91 -328.3 .330 308.6 7..8 28.43393 3.8

89.000 3033.639 .290 6 .08. -28.76 .339 30783.7 :: ,26.S33.60. 3.786
90.000 308.52 :"2:' 559.9 1 -. 3 .33 307.6 7.8 2C.0392 330.9 78

97.000 3375.809 .289 6 09.3 -327b.27 .338 306.3 7 l.9 20376303 .7
86.00 7639.43k .257 59.0 -323.93 .8 3057.93 23.3b 36. 3.7

50.000 3237.909 .292 035.8 I2 1 32.7a .33 W'9 1 30 .8 7.2 2973 339.2 37
3.339 2 .939 3.8883 83 e .6 -83.33 .379 2 73S 27. 9 3.60 29.%2 07:3 .9 2 5. .3 7 3. 9

.;:53109 F/ 3,1.: :S22 260 888 108 C 38/ 3930 0130 0619 8 2. 3 S E 3: .TI3S09 F E 8

TC I3:,2 8081/30000 1.6 06? 2 P.13 1 30000 a00 83..0 0 0 0? 300.000 339 3.2 -3 .0 .630
3. 000co 3:,.330 38 . 5 53 5. -3 .9s. 3 3250 33 . .83 23 . 223. 224. 22 . .29 338

0.09 78008 3330. 333 . 3322.9 20o.0 3.07 2722.97. 382

700 20.939 9.333 393.0 -127.731 37 269. 23.2 29.283 297.6 300.33.9
6.00079 .833 19.02 39,37.3 - 3338 .3T97 266.0 379. 8.835 273 5. 289.0 307S.9 1 38 .863

32 C.000 l 33 .3 6 2.23 323.8S. -320.43 .307 12960 10.6 38 ..9 3 ..30 33 2.3 33 .2 3 3.723

37.000 229.029 3.33 3080.9 .3259 .300 30. 39.0 30.96.2. .
36,0 29323 323333.3 -329.60 .38 30 2.8 33.63.09 323.3'.0

20.000~:: 223:93 3.0891 98. -362-3739. 303.2 372.7 3.783
23.00 33.23 .69 8 .9 132.63e .398 3067 3273.6033.F.

231.00 T63:S.363 .96 9912. -3.03 .31 3. 2. 3232. .7
29I0 7.2 .633 .23. -330.806 .383 33. 32.0 39.369 0. 325.0 .

28.000 938.33 .23'' 9082.9 -333.0 .39 62339. 33. 1309 320. 3.779
26.1000 1 23 2439 6721.9 -332.863 .383, 930.0 33253270 2 6. 7 3.769

2920 9863 .3080-32.6 .38 338.3 353. 37.663% 3a23. 3, .768
30001033 .6067 .969.0 -33.23 .339 338.1 6 30.9 :397 327.0 1.76"
3.000Jo 53.2 08 638. -33.69 .339 33. 30.7 I 900 327a5.6 3.7l0

"32.000C 00s.99.56 .07 670 -3.0.336 337.0 -1 306s 1.0 33.830 326. .9

3 00 80.:I0l .859 76. 3026.8 .337 339.6 130.0 22.068 329.8C .9

3600 3 3 "8 9 1 71 '2.3 2-306 A33 320:.2 8.6 23.2 329. .

83.000 032.638 .937 799.8 -336.82 .3305 323. 2 .9 !.85.129 338.7 3.,600I :
2:1.00 33.80 .3372.4 -338.67 .33 323. 8.31 30.695 33. m.0

2300 a 8.8 2 .3:6 73. -3.0* .334 32. 8.2 240 3 33.3 3.
8.000 6692.908 .337 7126.7 -33 .33 38 322.7~ 8. 338 .3 .0
80.0 00 938.093 .32 72 . -3 3 5 3 9 3 2 083 2 7:.78 3 33.03.83
9600 986.739S .3 73. -33.00 .338 3227S .0 20.39 333.67 32 , 1.633
83.000 906.169 .3.07270.8 -337:.98 331 323.0 6.9 29.008 333. 3.832

86.000 5300.338 .287 703.8 -336.36 .338 32. .594332.3" 3.0

8900 603.84 .26 883..6 -36.36 .533 323.4 60.7 30.229 332.393"63
0000 30.7 23 482.2 -1339.09e .333 323.8 6.10. 633.40 332. 3.630"

3.9007 20.938 3889 3938. -8.8 .80 208. 30.4 3.0631 208. 28.632286 3 3933S:" :3 2:

1I o . ;S':
I1101 1 1,& 2



PRESSURE PkOFILE CATA

SYSTEP L1UI1 BIPROPELLANI PC 30C PSIA

COY PCNET INEF FORPULA CENSITY FLAT FORM .T, C/O
LEu K F 0/CC IKCAL/FORM.wT.)

SYSTEM LIIUIC HIPROPELLANT PC 300 PSIA

298 CL.Fi i.8ot -64.3t) 70.
298 •.2.• I.CC6 *12.?5 30.

bLLK 0ENSITY 1.490 Gp/CC
MIXTURE RATIO 2.133 Lb OXI)IZEK / 0k OF FbEL

PRESSURE PROFILE Ch8A

CHAPHEk ENTROPY 256.71 EU/ 1U10PS

CFAMBER THROAT

FROZEN EXPANSICK
PRESSLRE, PS IA 300.0 134 . f 60.49 27.16 1.70 12.20 5.61? 2.460 1. IC .496 .223 .10G 163..
TEmP. CEG K 36C3.h 2986.4 2665.2 2025.9 1715.5 1654.P 134 1. IC.2.2 866.2 6p9.7 )T7.2 433.3 5125.3
6kTFALP0 I-I 22.30 66.C6 65.32 81.91 92.32 95.1f 105.9b 114.12 121.74 127.34 131.00 155.33 60.75
CP .5EH2 .3610 .312H .3630 .35•8 .3521 .340d .'291 .3209 .3115 .3110 .3093 .3830
IPPLL OPT 143.76 194.15 227.72 246.e1 251.t9 269.e1 283.55 294.12 3C2.30 008.66 313.59 126.70
IPPLL VAC 225.3d 244.18 262.6f 274.64 277.61 289.37 298.55 305.69 W11.26 319.61 519.01 223.62
EPSILON I.C21 I.388 2.168 3.167 3.567 6.016 10.272 11.652 30.453 52.695 91.459 1.OOU

51-IFT 7NG EXPAKSIOK

PRESSLRE, PS 1A 3CC.0 134 .. 1 60.69 27.16 14.TO 12.20 5.6T7 2.60.0 I . IC0 .696 .223 .100 169.3
TEMP, EEC K 36C3.8 3221.0 2e56.0 24H7.8 2202.6 2116.4 1759.6 1664.0 1179.3 699.8 162.6 609.6 352H.0
ENTI-ALPY I-I 22.50 66.73 68.11 86.6Y 99.12 102.58 115.90 126.88 159.8 14 1.15 149.02 153.72 60.O8

X b88 6.545 6.4ti 4. 396 6.350 6.332 6.3J29 46.321 6. 323 .32 3 6.323 6 .323 1 6.322 6.663
N 6.545 6.46 1 6.396 4. SU 4.332 4.329 4.323 6.353 4.323 4.323 6.323 6.322 6.483
CP .8850 .1645 .6297 .4961 .41e4 .6015 .!5112 .345C .12e3 .3178 .3098 .3051 .8003
IMPLL OPT 165.78 199.63 236.6h 25P.51 266.21 285.35 301.64 314.32 326.26 332.02 338.12 124.3o
10PLL vAC 230.96 253.94 276.21 290.62 2?6.26 308.60 319.52 328.29 335.19 340.61 366.86 228.08
EPSILON I.C32 1.665 2.375 1.56 4.010 6.V68 11.A13 20.651 36.C26 62.912 109.918 I.OOU

COPPCSITIIN S-IFTIG (P0L/ICO 6P)
28.92 CL .2106 .1429 .0797 .0319 .0111 .0016 .OCU9 .0000 .0OO0 .0000 .0000 .0000 .1622

-13.5C CL0F .CCCI 0CCCC .C100 .0000 .CCO .0000 .0000 .OCCC .0000 .0C00 .000C .COO .0000
-38.87 CL.F3 .COO .COCO .0000 .C000 .OOCO .CC00 .OC0 °COCO .OOCO .OCO0 .0000 .0000 .0000
-21.97 CLt,- .5456 .6137 .6771 .72M2 .7460 .7u96 .7562 .7171 .15971 .7511 .75t1 .- 57I .5943

.C0 CL2 .COO .0002 .0001 .0000 .0000 .OOO0 .00O0 .0000 .0000 .0000 .0000 .0000 .0003
18.8c F .C220 .0077 .0020 .0003 .00CO .C000 .0000 .0000 .OOCO .0000 .OO0 .0000 .010

-06.5C F0- 2.2492 2.2636 2.2693 2.2710 2.2?13 2.2713 2.2713 2.2113 2.2713 2.2713 2.2113 2.2713 2.2600
58.60 P6 6 .CC0 .CCCC .0000 .CO0 .OOCO C0 C . .00C0 .. 0000 CC00 .OC0 .COC .C000 .000U

.0CC F2 .C00 .0000 .OUO0 .0000 .0000 .0000 .0000 .0000 .OOCO .0000 .0000 .0000 .0000
52.1C F .2117 .1257 .061" .0219 .0071 .0047 .0001 o .0000 0000 .OCO .0000 .0000 .1482
79.2C .0001 . 0 .0000 .O00 .0 OO O .0000 00O 00O .000 COCO .0OCO .000C .0000 .000

.CC -2 .1689 .37C? .3682 . 3631 .5600 . 3•9• . 3582 .3580 .35E0 .3580 .55fi0 . 35b0 .370b
4C.3C I-2N .COO0 .0000 .0000 .0000 .0000 .0000 .0000 .OOO0 .0000 .0000 .0000 .0000 .0000

-11.04 -3h. .CO00 .COCC .OCCO .0000 .OCCO .0000 .0000 .OOCO .0000 .0000 .0000 .0000 .000u
113.CC N .CC02 .O0OC .0000 .OG00 .0000 .Coco .0000 .00C0 .0000 .O00C .0060 .0000 .0001

.CC N2 .9360 .9361 .9361 .9361 .9361 .9561 .9361 .9361 .9361 .9361 .9361 .9361 .9360
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5 2 5 2 0 9N 110020 6 2P 9 5P E 1 1 4 9 9 P C 300 PSIA

(39723049 26FF FT60th ...SETY ..62 FER A II. o/l
DEC K GR/CC 1KCALIFSUPR .. I

SYSTEM LI6U[0 SIP 'ELLANT PC 300 FSIX

29 0F3 1.680 -34.35 FT.

lE8ZEN EXPSNSZN.
C STAB I 5729.2 PTSIC

(PSILek PC/P P PS#A TRMP ENT4h61P CP C6AL: [ 8I 9 L2 040 VAC I SEA A I I AT I VAC CF SEA CF VAC

0O G 0 KCL/IOOGM G0 DEG RP LVL ICC 00 SOO0O LVL

8.CO 8.CC3 20.524 3110.5 -110.69 .335226 2.9382243 9. .5

9.CCC 1( *2 75 26 .9072 1112 .9 -222.20 .]33 290.9 '4.0 3.39T 1 . 2 87 3 9.5 22 . J 1, 0 1. 456

20.0CC 222.55 29.55 2093.2 -114.2 .163 293.0 I5.2 .92 2 . 288.0 2.9 1.38 4931. 00c 10.713 12.972 1753.6 -90.97 .528 2.4, 26.5 8.153 288.3 299.4 2.AE2
4.00C 29.4.5 2.1T2010.4 -11.91 .32T 284.9 23.9 2.278 288.6 200.5 1.Si9
13.000 221.205 2.226 982.8 -122.98 .%35 264.1 3.3 2.297 299.4 320.9 2.405
S.000 9c.41. 2.532 953.2g -11g.93 .320 289.9 18.1 03 302.9 I.242
2 . 0 0 0 5 . 905 2. 39 92 1 0.4. - 1 9. 9 0 .3 23 2 9 2. 2 1 2. 6.99,4 303.2 :. 065

24.0C0 C 25.082 2.240 91 2.2* -120.59 .222 292.4 12.2 9.590 306. 9.5 1.210
22.0CC 237.9C2 2.243 8294.8 -222.SC .322 2 93.5 IS22 .920 252 38 0 5. 3 , 2.223

IE.OCO 229.832 1.3229 5.2 -122.96 .120 293.5 15. 69, 305.9 1.281

29.0 C C 2 0 3.8 0 9 1.9 8 2 860.2 - 2 2 2.5 8 .53 2 9 54 28. 2.2 22.229 30 4.5 2.222

20.000 228.32 .9239 922.3 -222.13 .129 296.2 10.9 22.943 202.2 2.22

22.:CC 3"3.439 .,2 809 -121.62 .510 292.0 12.2 22.54 332.6 2.228

12.000 12.2351 2 730.3 -122.28 .12 2 2 9 .28 308.2 2.230

23.003 0 5.2C3. .230 7 25.6* - 223.82 .3220 798.3 10.2 22.297 30 8.6 2.2 1

2 0. 0 0'0 31 1. 54 . 6 9 5 20 1 2 - 1 2 5. 0 8 . 31 9 2 89 . 0 2 0 . 0 2 3. 9 • 2 3 0. 01 2. 7 3 5

25.0C0 152.999 .8524 9.2 -23.42 .214 299.689 23. 9 390.6 1.236

2 6. 0 0 0 3a3. 7 0 6 . 6 9 2 .0 - 1 2 5. 1 3 . 2 2 30 9 . 0 .2 9 1 5. 18 3 3 9. 8 2. 76 0

2 2 . 0 0 0 4 5 1 . 5 5 4 . 5 8 8 7 25 . 5 - 2 2 6 . 2 , 2 1 7 2 3 0 0 . 2 9. 5 1 ".2 4 3 3 20 . 2 2. 2 3 2

0 8. 0 0 0 5 1 . 501 . 5 5 12 7 31 -1 2 2 . 58 . 3 1 1 3 0. 2 T . 3 12 6. 2 2 9 3 0 1 . 5 1 . 26 3

2 9.000 595.537 .030 703 .0 -22 8.89 .215 90 2.6 9.2 22.299 320 .0 1.73430.000 592.829 .554 493.2 -122.21 .325 302.2 9.0 29,3 322.2 1.232

G1.0C 922.6:5 .83 •248. -2•2.52 .214 302 22. 5. 18.122 221.3 2.739

32.000 822.040 .440 425.5 -a1" 273 :,1" 30 12.9 4. 10.102 322.2 T.250

23.0CC 5923.203 .33b 494.9 -1/9.08 .524 30 32. 8.4 29?.465 312.0 2.70238.000 212.600 .201 850.3 -12/9.35 .2 9 . 90? .5 20.79 9 1:2 521.2 2.753

35.000 26.338 .302 850.4 -229.58 .323 902 . 4 1:9I1 3•22.5 2.25

28.000 283 .007 .38 442g8 .9 -128.82 .213 303.3 9.5 22,533 312.2 2.85832.0CC 12.220 .970 435.3 -229.05 .31 2 304 . 2 2*53 322.9 1.757

28.000 833.285 .355 928.2 -129.27 .519 05.1 08.2 2 02.2 2.:59

29.000 822.423 .38 /2.3 -229.49 .213 305.4 8.0 23183 313.4 1.7.0

20.000 410.2c .229 913.9 -129.69 .312 305.2 02. 23.992 323.8 2.742

3 1.0 0 0 94 3. 255 *.52 6 08 . 4 - 22 9 . 6 3 . 9 12 3 0 5 .9 7. 3 2 3.5 9 8 3 23. 8 2.7 4 232.000 978.302 .302 421.2 -;23.08 .52112 304 2.2 25.199 923.9 I .743

63.00 S1012.3 .294 594.3 -230.23 .322 304.5 2.8 2.,959 324.2 1.631

63.000 20436 582 .291 590.5 -130.33 .92 2 30 4.2 7.6 20.268 323.5 2.745
35.000 280.834 .228 505.0 -230.82 .212 307.0 7.5 6.1972 313.5 2.240

36.000 221 52 241 .249 579 .5 -130.79 . 22 30 2.2 7.4 27.550 323.4 2.2647

32.000 21 69.8 35 .261 524.5 -220.•3 *212 30 7.0 7.5 2 7.223 324.8 2.248

27.000 51I3 .SS% . 8 72 5,. 56 * -126.22 .316 300.1 9.5 16.9163] 4 1.762

2::1,C1 11S1 1122 .1S1 II9.S -I;01 9 11 17 $0.*:: 9:1 11] 0 1

SO. OCC 11 92.6 2 8 .2 61 69 4, 1 - 12 F 98 . 2 1 JI 50 2. 1 9 .7.3 8. 1 1 31 .11 16

3 8. C C o 1 1 8 4 .2 3 0 . 7 5 3 081 . 2 -1 3 1 .1 .: 1 1 30 8. 3 7. 2 2 8 .69 1 31 6. 8 2. 2 4 9

39.000 221 90* 33 .2 34 564.3 - 122 .2 2 .311 307.9 2.2 29.2 3 325.2 .1770

0.0CCO 12 53.501 .2 39 059 .5 - 22.32 .511 308. 1 2.2 29.8 8 312.2 1.710

3.242 20.414 24.998 237 5.5 -92.0 .*353 346.5 27.4 2.650 244.8 755.2 221.2 224.4 2.384 1.531

""HICT 23. 28P24E9

10C 
5288 

1 
5913.3 

13/221

(P32186 PC/P P P A26 2(98 292L67 18 041/ I OPT 0929.1 CR6061 2 0(6 2 AT 2 62 2 960 CF 5(6 0.9 ARC

041 6 3C6L/10010 38 080 /7 101 10000 50090 13L1.000 300.000 3815.8 -22.30 .; 
,5

1.000 22112 189.298 3320.0 - 10.08 .900 124.3 203.2 .813 229.1 222.8 022.0 226.1 .211 2.2 92

2.000 8.9•3 52.530 2480.2 -00.99 .538 224.5 42.72.2,73 250.5 234.2 262.0 243.021.369 2.445
3.000 15.925 10.822 2220.0 -93.20 .437 250.2 9.9 2.844 252.4 2e5.9 292.2 28:.9 9.402 1.530

4.000 04.300 22.2475 211.2 -102.I5 .402 204.2 30.0 2.632 249.0 230.0 296.2 2.602

5 . 0 0 0 34 . 3 00 0 . 73 1 1 9 0 0. 9 - 1 0 9.3 1 . 57 9 2 7 3. 4 26 . 9 3. 0 7 4 2 9 5 . 2 30 0 . 5 2. 9 35

.0CC0 15.600 *865 1965.7 -122.81 .293 291.4 24.4 2.393 298.9 305.2 2.640

0.000 54.1P2 3.920 2247.9 -116,52 .902 284.0 22.9 3.299 302.5 316.8 1.770

8.000 09.200 6.259 1008.9 -119.20 .2 290.5 22.4 3.838 303.3 322.9 2.69G

9.000 82.422 2.640 2591.4 -1222.42 .92 293.0 20.3 5.977 503.7 314.3 2.720
1 2. 0 0 0 20 7. 4 2 2 . 46 9 1 373 .5 - 2 3 2 . 93 . 9 53 29 2 . 2 2 .2 2 .1 5 3 0 2 ? . 21 h. 4 1 . 2721

28.000 223.909 2.233 2232.6 - 223.92 .53 2 2 22.5 20 3. 22.232 324.6 31 , 2.775

29.000 1232.53 2.232 2222.7 -2341.4 .330 322.4 23.5 22.22 3 22 A1I.2 2.780

20.000 23.80. 2.253 129.6 -235.3 .329 323.7 24.2 22.2099 3271.1 1 .2 7

2 2 .0 0 0 2 2 8. 5 2 3 1 90 1 7 21 4 2 .9 - 1 3 6 . 1 1 .3 2 9 3 23 . 7 2 3. 9 2 2. 9 7 6 3 2? 6 2 . 5 2. 7 8 6

22,000 1285007 2.005 21.5 -252.70 .227 225.4 2.61 2.50o DE229. 
1.792

23.000 528.9�1 ".041 2292.3 -27.301 .:6323 0 3.3 2.913 329.9 2.794

23.000 220.225 2.93 2110.2 -217.99 .325 327.3 23.2 28.]07 330.3 2.191

25.0.0 200.840 .832 1203.2 -219.55 .324 328.0 22.8 23.427 329 2.80 0

26.00 282.29 .285 204. -290 .32 32. 2 22. P09 33..0

2 8. 0 0 0 2 .2 2 3S 1 . 2 0 5 12 10 . 7 - 2 3 0. 0 5 . 310 2 2 21 2. 2 2 7.3 3 1 0 22 g . 2 1 .30 03

29.000 329 .734 .8703 1032.7 -2405. 0 .522 1320. 22.02 71.959 332 .2 2.820

SI.CCO !b.30, 1 1:0, 11, 1 .19 - I C 11 113:6 1•. !:,11.•6 29S 2 , ID.:::3

30.000 399.082 .838 i202.3 -240.93 .3226 322.2 22.9 28.569 333.2 2.822

32.000 39.225 80 200.4 -242.54 .320 922.3 21.2 29.222 3033. 2.82

32.000 324.322 .58 3 0983.3 -3 ,32.2 .320 322.3 22.5 99.746 323,9 2.827I.O
93.000 236.822 *.55 1918.4 -242.52 .929 32.92 1 2.3 20.252 331.2 2.826

53.000 538.329 .53* 9228.9 -24240 . *329 3 .2 22220. 9 2 8• 33340].5 2.820

35.000 582.1607 .60 90.5 -232.92 .3282 3.8 2 2.2 22.397 33.8 2.822

38.000 4 '0.30 C .494 90.0 -23.924 .319 323.2 20.9 2.507F 335.2 12.62

32.000 02.206 .177 9139.9 -211.48 .517 323.7 20.9 22.494 335.3 1.925

38.COO I54.93. .338 930.2 -23I.22 .327 522 20.7 2.9396 335.8 2.822

29.000 080.550 .342 920.9 -236.08 .312 325.5 01.6 23.9.6 334.0 2.28X

30.000 2 .339, C .323 9 22.8 -2432 5.8 ,310 32 5.9 20.5 23.649 396.3 2.902

3 2 .0 0 0 2 5 . 8 3 0 . 30 9 9 03 .0 - 1 4 8 . 14 . 3 14 32 6 .2 20 . 3 2 5 . 2 4 6 9 ., 9 2. 4 3 1

42.000 239.323 *595 969.4 -264 .90 .325 32 6.4 20.2 25.909 53 6.8 2.833

3 C.000 86.2512 .2582 64.3 -123.26 .325 532.9 120.2 24.549 337.2 I2.83

3 3.0 0 0 9 23 . 2 40 . 2 4 9 62 8. 4 - 1 3 5 . 4 1 .3 2 0 37 . 2 05.S 0, 2 8. 29 7 3 3 7 .3 2. 8 3 5
35.000 890.302 357 623.7 -19143 .313 327.899.9 22. 9 23: 33,15 2.434

34.000 907.822 .343 943.2 -1 45.98 .523 3 217. 9:6.8 2.•4 5, 32 2.838

32.000 895.352 . 933 655.9 -230.22 .323 328. 02 9 3.7 9.094 7$7,4 2.fl9

3 8. 0 00 9 2 5. 2" . 3 2 5 68 :. 9 - 1 3 4. 31 . 3 23 3 26 . 59 1 9. 2 9 . 7 43 3 3 8. 2 1 . 8 4 0

3 9 . 0 0 0 92 2 .0 5 8 . 3 2 . - 2 361 5 5 . 231 3 2 8 . 6 9' . 3 0. 9 38 3 3 9, 1 . 8 3 2

21.0C 010 1 .34 5 8 , 9 I ] 0 6]1 12 . 9:2 11bS 23 , .
•/. CO e9a.513 1 .03 7 is . , :,,o., - 14 il , 11 11,. 9 29 0 28.S.. IoL . oa

ke. 00 13 1•I .3 S 0 8. -1 6.J3 .1 I0.S 9. 3:.51 0 29.i 1. 0

2S.C 0 9e1.0e8 . • 04 . 2163 . 1 2 8 9 .3 .25 330.9 I*.~

50.00 0 9 29 .0 57 .30 48 6 0 . 3 - 2 34 . 2 6 . 323 12 9.0 9. 5 3 0 .9 55 33 1 . 12 *. 02

2.533 10.312 24.96 2202.6 -99.12 . 138 258.5 22.9 2.222 259.5 248.2 296.7 290.4 2.307 :.50,

I
tS

,.Co 2 2 , ;IoA , :3 291 122113 3



PRESSURE PROFILE CATA
SYSTEM LIOUIC HIPROPELLANT PC 300 PSIA
CCPPONEKT IREF FORMULA bEKSITY FEAT F(RM hr. 0/0

I00 8 GM/CC (KCAL/FnPf.wT.)
Z48 CLeFi 1.80 -4.35 715.
z3• (W2.H8 I.CC -,.1205 25.

FOLK LEýNITY 1-543 GOP/LC

PIXTLRE RATI8 = .COO Lb CXIDIIfk / tE (IF FUEL

PRESSURE PROFILE CATA

LHA1-8Ek ENTROPY 262.te EU/ICCCS5

CFAMPER THROAT

FRO/EN EXPANSICO
PRESSLRE, PSIA 300.0 134. 1 60.49 21.16 14.10 12.20 5.711 2.660 I. I08 .496 .223 lO0 162.d
TEMP, CEG K 3165.6 3)0I.8 2556.3 2091.1 17H8.7 1104.2 131P.1 IIC7.6 d36.0 101.9 555.6 438.1 3253.6
EKI6ALPY (-T 26.58 69.60 69.10 H6.86 94.91 91.14 10e.19 116.61 123.36 128.13 132.99 136.36 44.71
CP .3518 .3515 .3464 .3566 .32E4 .526C .!159 .5059 .2917 .2925 .2896 .2819 .3531
IPPLL OPT 142.6C 192.33 225.11 263.93 246.e) 266.45 Ž19.H1 290.11 298.11 504.26 309.06 125.30
[PP8L VAC 223.C0 241.45 259.52 271.C Ž; 4.12 295.51 294.69 301.43 3C6.e1 l]1.(,1 314.29 221.3e
EPSILF N 1.C2C 1.3F3 2. 156 .161 5.939 5.941 IC. 130 17. 35 29.83 51.6C0 89.357 1.000

SIIFTINt. EXPANSION
PRESSLRE, PSIA 3C0.0 136.1 60.63 21.16 14.10 12.20 5.411 2.o 1. IiC0 .496 .225 .100 160.1
TEPP, CEG K 5165.6 33b2.5 !CIf.b 2661.0 23H7.6 2501.6 1929.3 1609.5 1358.2 1126.6 916.1 [i6.1 5389.5
FK11AP9 (-I 26.98 50.64 71.78 90.28 IC2.76 IC6.21 119.80 151.C6 160.44 140.29 154.11 199.88 46.08
x 838 4.215 6.101 4. 121 6.066 4.037 6.012 4.02 I 4.(,08 3.919 3.965 3. 9631 3.963 4.214
N 6.215 6. 11 4.121 6.066 6.051 6.052 6.021 8.006 3.919 5.965 3.963 3.963 4.214
CP .999 rF121 .66S9 .5965 .4611 .10CI .5696 .1913 .3766 .1185 .2925 .2840 .8153

8PL8L OPT 164.66 198.31 235.60 257.66 268.29 284.71 3GI.5J 311.13 325.39 333.#6 360. 9 121.61
1P8PL V0AC 229.39 252.52 215.16 239.81 293.f6 MOP.2H 319.98 329.98 337.26 343.26 361.93 226.62
EPSIL C 1.0?2 1. 11 2.403 3.616 6.100 1.046 12.336 22.063 39.2b8 69. 147 121.224 1.000

COOPCSIIIYF. SHIFT1ING G81L/0 W8I
28.92 C1 .4C20 .35eE .2682 IP98 .1650 .1357 .1165 .0330 .0329 .0051 .0C4 .0000 .3986

-13.5C CL.F .CC03 .CCCI .00ol .0000 .000 .0CCG0 OOCC .0 .000 .C0co .0000 .0000 .0000 .0002
-38.81 CLF3 .Co00 .ou0o .0000 .0000 .0000 .0000 .0000 .0OU0 .0000 .0000 .0000 .0000 .0000
-21.97 CL.- .1.C6b .47C5 .5655 .6201 .6666 .6736 .6865 .6368 .6868 .686P .0868 .6368 .450b

.CC CL2 .Cc0o .CC00 .OCO .0C00 .000c .0C09 .006) .0207 .6t0 .C599 .0620 .0622 .0009
18.8? F .C022 .C326 .0122 .CC3t .0013 .C009 .0002 .COCO .CCCO .0000 .0000 .0060 .0415

-66.5C F)- 2.36)1 2.6010 2.62 13 2.629h 2.6321 2.4326 2.4334 2.4335 2.4336 2.4336 2.4336 2.6336 2.3919
58.6C F.6 .CCO0 .Cocc .0000 .0CO0 .CCGO .COO0 .0000 .0OCO .00co .OOCO .0000 .0000 .0000

.CC F2 .CCO0 .CCCC .0000 .CCO0 .0OCO .0000 .0C00 .0000 .COCO .0000 .0000 .0000 .00C
92.1C F .1498 .C061 .0396 .012u .0030 .0011 .COCO .rC00 .CCCO .0000 .0000 .0000 .1021
79.2C F-. .C001 .CO00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.CC F2 .IC13 .0b6 .0569 .0290 .01C2 .0062 .0002 .CO00 .GO00 .0OCO .0000 .0000 .0814
40.3C -2'S .CCO0 .CCCC .Cc00 .0000 .C0GO .0000 .0000 .0OCO .0000 .OCCO .0000 .0000 .OO0C

-11.C0 1-3. .CCO0 .CCCC .0COO .0000 . O CCCO . COCC 0 .C00 .0cco .0000 .0000 .0000 .0000
113.0C K .0003 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .00O0 .0000 .0000 .0000 .0001

.CC K2 .7799 .78C0 .1Ol) 1 01 .78C0 .r80) .l01 .780) .18C) .IAGI .1801 .130) .7800

-58-



IA

CEC A CF/CCI 3 A1/FR.A.
296 CL.63 6.6 3S63 75.
296 M2*34 2.006 * 22.05 25.

C S2AA. F6663 51/SE
EPSILON - i PCI 61 6 7182 RAI0 LP CF111 CA Ll I WP CALVC CC3.VAC I SEA I IT I AT I VAC CF SEA CF VIC

ORG... R "C ( 63/ 00 GI 0EC /P 30 ICCCO 50000 V
2.00O !C20.0CC 3 765.6 -26 .56 .3S6

6.00 1 66:".176 1 I.SA 2220.6 -113. 13 .30 21 . .6 6.257 21 : 262.21 1 2 0. 0. 5

9.0CCT: 2b3.28 2.025A1.23.2.3671.:55 .3 266.6 252f .38 2.66I2
20.000 19.626 2.5023522 266 .3629.6 267 7926. 963 .7

I2.000 296.391 2C.69032M.2 -228.925 .303 263.6 23.5 2.504 266.8 1969 266

S600 29.1 .0 6. 216 .302 266. 225.3229. 2.697

29.0I 11.72 .62 62. 22.6 21 292.6 20.6 22.206 2 002. 6 2.72

22.00 262.916 S.62725:.2 -225.39.296 29. 20.3 22.636 302.5 .2
22.000 ~ ~ ~ ~ ~ ~ ~ ~ 2. 29.6 72792 256 2521. 022.6 0.9 2.1626

2504 o 60:1'.2617 0.6 7576 -13 1 .22 .296:: 295. 9.5 2662 305.I '29272
26.00C 627.6,2 2.603 1660.2 -22.?6 .296 296.3 9..3 25.60 305. 2.3

2.0cC 552.623 1.501 972.7 -122 .6.2 .230 297.3 9. 0 2 6.5 2 306.2 2 .709
29.O"CO 50.1 : 309 .527 12 . -2 6 6 .293 2 97 .7 1 .8 21.0 9230 . 2 .7.: 6192

30.0CCý 62.023. 1.193f 700.8 _ -2267 .29 29 6. .2 7.635~o 304.6 2.7621
3200 .52 .66 693.0 -229.0 .2,92 292.9 6i.6 26.22 30.2 2.6

22.0CC1 622.091 1.66 6 62" .7 -292 .292 291. .6 1. 1.26.669 30.6 2.76
03.000 20. 66.622 67 :2.8 -229.56 .292 295.6 6.3 29o6 20.21.6

7.000 3625.530 .359 660.6 -230.52 .29 302 2. 22.9 26 3'06. 375
37.000 6U9.62% .361 632.3 -250.20 .29 S ;293.9 10 7.8 22.536 306., 3.76

6300 972.705S.9 06 621 38.0 -12.33.2 .290 202.S9 .2 !.56.33 309..6 2.

66.000 3366.% 22 .62U 8. 313 .290 233.3 3.3 27.225 22.2 3.6

88.0 0 3239.029 :2 57 213.9 -123.2.6 .'290 303.5 7.0 26.36230. 376

69.000 12:26.56 .23 502. -306 .1290 20.7: 6.9 1 27.93:20. 6

50.000 3200.322 .223 563.0 -332.76 .2692 206.0 6. 963 2.7 3.765 o:.

SHIFTING12 08F8:65:ý,126.

3.0000 311:.101 3740.6 -269.56 .2' 900 *
3.00 3.7 6.9 669.52 -669.07 .83 2: 2 . 303.0l .609 23. 202 25. 2.6 222 9

6.000 23t.726 26023 266.6 -30.5 .62 26. 06 .2 61026129.0 .0

,.0O 36,.306 6.5229 3662.2 -1322.53 2935 26.0 22.'12 6902 30 .633.2 3.703

30.000 6c3.669 .1126 3 . :12.0 -22.3 .3'3291 ;.1 20.12 .2723 5 05.6 32. .729
33.00 30.63 .622423 -323 . 362 296.6 3 .6 .76 3 06.2 31'..7396

ý25.0 :0.3 36 6 259. -336.62 .32 90 6*.3 37.2..9.237377 32.0.7
'C00 327.25 2 6932 66. -235.68 :33 276 2. .1 2. .7769

37.00 222.621 35625. -3.6 .390 520.2 26.3 20.503 32.5 3.6

23.000 2251.20612314 :2376.033.73 .30 323. 2532.6366 279

22?.00 0 1 200.68S2 3.2022593 -360.6 1 . 277 328. 26.9 23.606, 329.5 3.40
23.000C 12F19.2C19 3.321 ' 2360. -2633 .32 32. 3863.0730.o.0

26.000 3t6k.236 .9023 2356.3 -1363.63 .5690 032.6 36.6 26.689 330.7 3.930

2S00 2.50 :96 236. -262.2 .5265 327.2 36.2 2533.33.6 2.593
26.00 363.255 .6629.8 -6.2 .36 3 26.0 33. 25bl.923. .2

27.000362.99 .629 275.2263.3 .35 32.7 9 23. 265632.1362

33.000 628.162 .627 2296.9 -366.08.336 322.6 32.7620.2;92335.3 :3113
36.000 696.467 .402e 2263.2 -266.65 3392.32 . 20.866 33. 3365
5.0CC 526S.4 2 92 9 .7 3221 .7:. -366.33 .330 31 11 2 6123.66 22.6 2261 335.9 3. 9361.ý

3 6 . 0 0 5 0 .6 6 6 .5 5 2 2 6 . -2 7 3 .3 2 3 .9 2 2, , .3 2 2.0 62 3 . . 6
31.CC0 5673 6 5 37 299 -6.3 .2 32. 22.2 22.636 233.C 3.623

60.000 620.802 ;.0662 2123.5 -366.53 .337 225.7 22. 26.366 327.9.5 3.667

6.C 86. 12 .6020. 39.32 .336 32. 312.6 .25.6530. 336.0 2.650
63.CC 499.25 a 63 209.2. -126.3 . C2. 23.6 24.2050 338.2 3.753
65.00 205.962 !.606 2073.6 -1269.96 .330 2321.6 22.2 22552 6. 336.7 3.5

1.00 06.6091 2.3632056.9 -250.64 .309 326.3 23.0 2.625 3 36. 31. 2.65
:1'"000 60.2;92 26. 307 34 365 2 .9 4 29.665 330.9 2..I59

8900 62.032 .32: 2 06.9 -350.961 .305 326.9 32.6 0.02'3. .5

SC.C00 654.50J1 .650 2033.2 -252.21 .306929. 20. 3069 360. 2.260
3.62 20.626 26.694 376-0.6.6 5. 26223 259. 24. 296.2 269. 32.60 2.594

:":CCC 19.827 I.SS 14:1 1'6:'l :1 .1 9 2 ::14:0 2IOC i
I ~t .3 *4. .3 B 1. 601.1



PRESSURE PROFILE DATA
SYSTEM LIGUID BIPMOPELLAN| PC 300 PSIA
COPPOhENT IIEF FORPULA DEKSIIY 2-EAT FORM Wt. CIO

CEG K GP/CC (KCAL/FORP.WT.)
298 CL.F3 1.88) -664.35 80.
298 N2.. 1.CCI. 412.05 20.

eULK CkNSITY = 1.601 GM/CC
PIXTLRE RATIO 4 6.000 L CXICILER I LB OF FUEL

PRESSURE PROFILE CATA

CHA~eER EhTRCPY 221.16 EU/I0OGPS

CD-AMBER THROAT

FROZEK EXPAKSIOC
PRESSURE, PSIA 300.0 136.1 60.69 27.16 16.70 12.20 5.467 2.460 I.IC6 .U96 .223 .100 161.9
TEMP. CEG K 3533.0 2M81.2 2349.8 1902.9 1612.2 1532.0 1225.1 973.5 169.5 606.3 676.8 376.8 3025.6
ErNt-ALPY (-I 3C.85 51.61 60.65 82.66 91.19 93.51 102.51 109.63 115.28 1 19.76 123.25 126.00 4f.25
CF .3250 .3193 .3124 .3C45 .2976 .29S7 .2F66 .2795 .2165 .2717 .270T .2692 .3206
IMPUL OPT 134.56 181.33 211.84 229.11 233.59 269.68 261.79 211.01 218.07 283.51 281.69 119.42
IMPLL VAC 210.6. 227.11 263.60 253.98 256.?r 267.02 276.93 2d1.CS 285.18 269.65 292.30 208.97
EPSILCN I. cI8 1.669 2.114 3.061 3.637 5.726 9.665 16.434 28. 106 48.271 83.288 1.00C

SHIFTIK(. EXPANSI]O
PRESSLRE, PSIA 300.0 136.? 60.69 21.16 14.FO 12.20 S.kl1 2.460 1. 10 .696 .223 .100 164.9
TEMP, CEG K 3535.0 3CO. 1 2S52.0 2212.9 2015.3 1960.1 1757.2 1580.3 1412.4 1236.7 1062.3 849.4 3133.8
ENTI-ALPY I-) 3C.85 52.06 69.90 85.06 95.20 98.07 109.65 119.46 128.2e 135.97 142.53 147.95 67.01
X EAR 4.0e9 .0C67 4.035 3.915 3.915 3.896 3.013 3.735 3.671 3.626 3.606 3.603 4.072
N 4.089 6.067 6.035 3.975 3.915 3.896 3.823 3.735 3.671 3.626 3.60t 3.601 6.012
CP .4639 .405e .4677 .6042 .1010 .7308 .7726 .7156 .57e9 .6 15I .3035 .2698 .4072
IFF•L OPT 135.75 104.29 217.10 236.59 261.81 261.48 277.66 291.12 3C2.60 311.69 319.16 118.61
IPPLL VAC 213.55 232.60 252.13 268.39 269.11 283.63 296.02 306.52 315.22 322.12 S21.1.5 211.61
EPSILON 1.026 1.616 2.286 3.415 3.968 7.169 13.249 26.714 65.82? 82.992 146.961 1.000

COMPOSIIION SHIFIIKG (POL/IOO GM)
2e.92 CL .C30 .7317 .7294 .6499 .5543 .5222 .9799 .2636 .1267 .043F .0070 .0004 .731C

-13.5C CLeF .CC37 .CC6b .01I3 .0285 .0421 .0466 .0643 .0796 .0901 .0971 .0992 .0995 .0055
-38.87 CLMF3 .COO0 .0000 .0000 .0000 .O0CO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-21.9? CL*I- .1473 .094e .0502 .0240 .0132 .0110 .0069 .0020 .0007 .0002 .0000 .0000 .1083

.CC CL2 .CC56 .0131 .0357 .0134 .1219 .1429 .2081 .27C) .3236 .362) .3795 .3827 .0103
18.86 F .2577 .1e9C .1355 .0950 .07C6 .0641 .002 .0220 .0095 .0027 .0003 .0000 .2041

-64.50 FP0 2.33 344 2.4002 2.6660 2.6123 2.6831 2.4853 2.6914 2.4963 2.4956 2.4961 2.6962 2.6963 2.3856
58.0C FPK °CCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.CC F2 .CCOO .OCC .0coc .COO0 .0000 .0000 .0000 .0000 .0000 .co00 .0000 .0000 .000C
52.IC .C114 .OC1C .0000 .OCO0 .OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0020
19.2C I-*h .0000 .0000 .0000 .0000 .00co .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0C C .08 .0COCOI .00O0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002
40.3C 12-2h .CCO0 .Occ .0000 .0000 .0OCO .C000 .0000 .0000 .0co0 .0000 .0000 .0000 .0000

-11.06• 3. .CCO0 .CCCC .Oc00 .0000 .OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.CC 16 .0001 .0000 .0000 .0000 .OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.CC K2 .6240 .6241 .6241 .6241 .6241 .6262 .6241 .6261 .6241 .6241 .6241 .6241 .6241
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I 
59516L�8 0 ..0 6IPE8PELLANT PC 300 PSIAC588e3E8. . "IED 0880L8 DENSITY E." .... .. f. a/CEG A GDiCC IKCALIFjM8.WE.)

288 CI.:3 0.8 -88.5 liý.
28 NO.! 7.0C* 8I2.0• 20.

FAP820 EXPANSSIS

STAN * 513. FlISEC
EP1L8 PCO/pP P ASIA VIPF ? 8THA7P6 CP CAL I OPT DELV AC V SEA I AT I A I I SAC CF -VAC

CEG A ECAL/1000G OP DEC iF LV3 10000 50000 L CV
1.000 300,000 3533.*0 -30.6S .325

-.:.5.0 1 .2S5

.CCO 1.1 .959 73.0. - 31.2: .2 272.3 09.8 . 2. 11.1 2IC..I 2 01.9 1.700

.8 .2 721 5 1 18. 0 .278 , 2 3 1 9.3 0.:162 5. 0

I .81 705.2 -17.10 .23 273.8 92.1 12.12 28.9 : . 75 I
21.0CC 198.2O .5. 8 90.15-178 .273 221.5 25.2 6 .660 229.1 20.4 2 8,? IS3.9 1.3 1.709
22.000 *2.85" .708 1%37.2 -96.48 .293 215.1 :2 1:12.302 ' 260.1 1.611
S.C0C 84.650 :.?Is 1299.9 -118.20 .27 275.7 .5 2.880 I9. 28. 1.713

26.000 56.01 .2 5.0 8 11:.522 .282 278.2 .3 13.80? 22.1268.5 1.1b
2.C00 71.439 .585 836.7 -116.88 .272 254.7 6S.2 3.912 281:8 2888 :.:'30
8.CCO 92.635 .053 827.? -139.I0 .272 257 .0 18..70 282.3 1.72
21.000 4572.3 1.521 881.2 -119.?? .272 240.8 18.60 285.5 1.;47

26.000 1.775 .899 801.9 -110.04 .2792 26.5 12.9 7 .SC 2I6..9 265.7 1.662
11.000 19.741 2.007 587.9 -919.1. .272 264.3 12.8 6.02b 216.6 1.667
10.I0 81 .888 804.6 -112.11 .217 267.9 11.5 6.703 266.2 277.6 1.624

7I.000 7C3.215 1.427 58C.8 -1120.88 .271 279.2 71.3 7.227 288.5 1.727

7 2. 0 0 0 2 1 5 . 2 2 3 ., 8 0 I 72 . 3 - 1 1 0.1: . 2 I 2 7 . 2 1 79 . 8 0 8 2 8 8. ? . 7 7 8

850.85 1.351 5 91.9 _12.21 . 27i 28C.5 i' 9.582 267.8 1.S21
13.0CC 261.646 1.1.0 %&8.S -120.81 .27I 218.8 7 .8.1 287.0 .73
17.000 "06.823 .7I 575.1 -2I5.0I .27I 261.2 97. 8.911 20.2 1.696
I._CO ':12.21 .Z'I 111.G -116.1 .9 .287.9 1.71:
lO.000 919.810 .3 125.5 -I11@.0 .27I 26!.1 9.7 20.86I 287.6 1.705

7T.CCO 998.812 .31530.0 -I2I.60 .211 21.38. 97 21.128 281.8 1.7,9
21..00CC 526.223 . 69.1 -12I.4t .2I 26l.5 8.8 2I.6 2F8.I 1.737
22.. 1 424. . 1. -.22.13 .213 76S.8 8. 12.3502 298.3 1.l11

2 5 . 0 00 1C . 5 . 2 8 1 6 6 2 . 8 - 1 13 . 2 c . 2 7 3 2 8 2. 0 8. 8 1 2 . # 6 0 2 8 1. 8 1 . 71 9
21.000 IC7.3:1 .271 S50.? -122.83 .272 276.2 B.3 23.801 288.8 1 .18

3.000 $13S.858 .282:55 0.7 -118.5? .2lI 26.5 8.23.97? 218.7 1.169
86.000 I83.583 .2S3 898.7 -12.1 .273 2. 8.2 28.508 266.8 .?18
21.000 C 2512.7 .824 891.8 -6I9.IA .270 282.8 8.3 25.08 289.0 .72

8.OCO 200 .0189 .237 870.0 -129? .212 218.1 8.9 12.945 283.2 1.721

:7 . :00 ;12 6 . 1 . 1 3 1 8 7 2.: - 3 2 3.9 0 . 2 1 0 2 8 3. 5 8. 0 2:. 0 8 219. 3 1 . 7 82

I6CC

•0.• t•0.l4 .•49 59.0 :,20.21 .11`2 67. :.,40420. .2

021 STN.* -120.. .2 5 188. 8 1 2/6.S 1.7I'.000 02 0 .400 352.0 -120.66 .2?81 1:2 8. 806. i.119
23.CCC 73.1713 .569 262.2 -120.81 .258 2107 38.7 17.?09 287.C 1 .38 0

3t. COO 18.625 1.01 2078.8 -921.88 .875 230.8 30.8 1.7012 3. 28 8 28I 281.0 i.35 1.53

"8'.C0 28.:7 .1.080 .58.9 -98.28 .721 28C. I 7.2 2I.II2 288.3 I.4525.0 C- I.898 :.81 181 - 121.%S .271 205 C.7 60 20.113 027.6 1.828ee2.s0 q 9 . 3! * 02 5 ., 2116 2 1 2 10 6 ?2*8 0* 1.13-

8C.000 97.61 8.890 .136.5 -121.28 .171 253.1 7 213.8 279.8 1.852
1":'C0 9•. 10: 1 .5012 121.1: - 121. '! 2 15 6. 1@220. .3

10.000 13.53S.898 3788. -309.03 .15 20. 6. 22.3.55 27 .31 M.I3

81.000 8370 8 8.709 1728..7 -111.59 .21 8 1 .8 12.8 02 288.0 1.859
92.0C0 78.725 .2013 18C8.8 -113.43 .2 . 2 1 87.20..320.7 .0
3.CCO .262 9 . 1 .@ -122.07 .2713 2. 5.71 290.8 2..17

11:c 71310 6 18 1.8 118.5 .78 273.3 39.8 8.28881. 292.5 1.729

4.000 C1103.53 .2.3 19601 -1237.9 .73 2.3 8.2 282.S 298.2 1.139
13.000 3291.28l .?36 558.S -3129.1 .710 2772. 18. 7.38 219.7 1.72956.'C00 1240.0.9 .23e 0, -112.91 .2 TOI Ie. I . ":.:* IB. I 1:."5

18.OCO 133.338 2.285 IS2. -20.9 .270 o 0 89 .1 026.94 297.0 .
38.000 156.819 12 .2 97729 -123.22 .210 203 7. .0 8 289.8 299.8 3.789

3.000 20.10 l1.186 1612.2 -91.13 .888 2 63 . 1 6 29.1 95 281.8 23.31

EFSILCN PCIP P PSIA |OP@ EKIHALPY CF CALY I CPT CEL;.C LELVIC I SEA 1 11 1 AT I VAC CF SEA CF VAC

38.0C 173O.7 3.838 9 -5CLIIO3G .G 2 D 6. 3. LV 12000 301.9 LVL

1800 '.235 352800 1883.1 -128.70 .88 8. 8.608730. .6

2 '.000 ::20 16.32 $38.8 -12.82 .M1 92.8 1 283 8 2.1S813 23013 .2 .2"2".000 2.733 3.3 2285.3 -32.09 .819 281.8 18.1 13.91 1 308.0 1.462
22.0C0 16.653 3.21 13 8 -91.2 .9 28.8 15.3 3.5 2136.0 33.6 20.1 2861.C0. It 1.541
2 9.000 3 3. 1852.7 - 127.88 .588 20.5 15.5 2 .335 30.5 1.626
25.000 275.82 1 .06 109.3 -328.83 .51 291.3 35.3 .109.@ 209.6 1.652
28.000 290.131 3.603 1564.5 8-1269 .538 29 22.1 . 11 276.4 290.3I 1.018

27.0C0 3C3.I6 k.098 3386.2 -529.88 .555 292.9 215.0 15.287 2 3 07.9 .8190

28.CC0 32.815 C.93 36.2 -129.91 .588 293.8 8.9 35.878 308.8 3.822

12.0C0 33S.00? .890 1563.5 -115.01 .I53 298 20.0 1 .7 • 108 9 230.9 3.82
30.000 71 .3 .08.85 1659.3 -330.80 .522 3 8. 8 17.*03 308.8 '.829

33.000 "88C. 2.61 330.0 -1I3.21 .I51 795.5 38.8 2.8 309. 8 13:'.8'1
72.000 136.887 ,.78 1381.1 -135.81 .519 298.2 18.5 3.259 2 350.1 293.8
33.008 �39.20 2.285 5332.8 -31200 .583 298.8 18.2 58.19 3. 8 1.237

08.000 158.900 2.0 3132. -132.7 .1 93 2 7.2 1 8.0 8. 8 28 3 1. 299. 1.739

18.000 856.87 1.31307.7 -535.0 0 .818 292.0 210. 2. 2.0 1.169

31 7 0 0 0 86 9 .9 03 1 .1 6 6 3 21 2 . 9 - 1 23 3 . 1 . 8 70 2 9 6. 7 3 3. 7 :. 6 9 1 2 . 3 5 2. 8 I . 8 8 8

38.CO 876.028 .828 3292.3 -333.78 .843 299.2 13.8 21.838 332.8 1.68_

19.000 S9.31 1 .875288.S -1380.?C .643 209? 16.6 IC.792 333.3 1.950

80.000 30208.5 I.S88 277.2@ -338.38 .85 2@0 380 .3 33.8 2.78 333.8 5.852

83,.000 53.8 :.53 5255.8 -33.2 181333 3. 8.8 3. .5

268000 S7S,152 .522 3289.0 -535.88 .825 30. 2 13.0 28.93 301.7 3.806.000 25.951 1.271 1583.2 -123.7 608 203.02.3 12.9 125.81 35.:0, ;.'3

88.000 280.01 :1.893 315.8 -131 .02 .838 382.3 12.8 25.953 335.3 1.883

87.000 825.887 1.178 3220.8 -33823 .09 302.89¢* 12.7 28.538 355.5 I.88

88.00 888.38r 1.080 3222.2 -.38.52 .05 3 27.53 38106 I.882
25 O' 290.516 1.032 13098.6 S6. 5 .6 2 92.1 15.2 1..690 ]...101

29.000 Go 25.81 8953 115:.7 -153.18 .8830 23.52 .5 27.01 0 388.3 5.886

SC.C00 888.930 .88? 1209.3 -338.98 .356 9333 1.9 15.02.28 338.9 3.889

I0.C00 351.3ce .034 13$9.1 i -30.8C ,S2 29:.9 !4.6 16 0S' 309.. I.626
11:1C.1 5t9*ll 1 .11 Ike 30.0 -1 1.21 .510 795. 1•... 11 .65 0, .•

a200 'a241 ,10 15 1 1)1.61 .119 296,1 Iso1.29$0. .3

3.875 20.8250 38.8 ;'520.4 -152.00 .707 238.8 28.8 3.9298. 20.8 1.3 58CC00 blo.Cco .?2S132)4.* -132.31 .493 291.2 14.0 19.37, j1. I09
45.a00 b29.964 .690 131. -12 4".B 29* 13.9 19.9.6 511.6 1.841

!6.000 b15.9!J .673 1307:; I-I :.IS 4 211.2 13.8 20.514 I ;2 :0 I*4

""$o00 46i,95 .... ...... 5 -13.41 .410 798.7 13:.' 2::601 312.: *4

110C.C¢ .1.021 620 1292.i 1•$ .463 299. 16 .6B12. 1.840

•.0ccO 510.2t8 .5#, b,;2 1•36 .5 30C.1 13.4 220f42 1. I@5

h1.C00 526*465 .570 12269.9 -:I::l.49 3 *Uk$30S :33:1 1,1:10 31 .6 1.0,4

42.CC0 S42.669q *S, 1262:.0 3149 Do] 20 13, 21. 31b.1 I..]

$300 50.119 .55Y 1255.0 -1'5.22 b3' 1 .1.' I .. S 24*6 514.b 1.65@

4-,00 11 15.152 .522 1219.0 -II5.49 .425 301.? 13.0 24*093 11140 ..,.SO

4500 $1@ 1 01 12:.2 -:11:.h 1*62 I102. 12. 25,1 315.0 1.061
:•00 6002 ,9 2]@-5*•*14 5 2 :5 :. 2S:,5 I1. *@

eT00 25.997 ktq 1 220e.@ -113:.21 .409 302 .0 12.? 26:534$55 .6
40.000 64h.i4? .466 1222.2 -156.S2 b40S 303.2 1. 7117 . 1.866

Co0© 62:*@11 135 121:.l A162 0,0 $0*3:5 12.S 2 C.0 M1., 1.86:

50,CC 600,10 ,41 120. -6,9 1,9 10. 12. 2e.284 116, *6
J.%75 20.414 14.696 2013.3 -:5.920 .7QT 236.6 28.8 1.960 216.6 245.3 262.0 a65,k 1.110 1,"16'8

I
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PRESSURE PROFILE DATA
SYSTEM LIQUID SIPROPELLANT PC-100. PSIA

C #0PBRENMI TREF FOAULL DE&UTY-- __HEA_- .. I.. '. _0/0
DEG K GM/CC IKCAL/FORM.WT.1
85.2 F2 I.sIl -A1.67 Is.

20.k H2 0.0o1 -1.88? 2S.

BULK DENSITY - .2k9 GM/CC

IXIUi[E RAtLO 3-.000 LB6O1XDI.ER I LB OF fUEL.

PRESSURE PROFILF DATA

CHAMBER THROAT

FROZEN EXPANSION
PRESSuRE. PSIA 1000 398.1 158.S 63.10 25.12 51.70 10.00 3.981 I.Ss .631 .251 .100 540.2
TEMP. DEG K 236iflot 1881.2 11.91. 1.169.j - 00. -- 741,7 J01.$ - 5%Q.9 II.15.5 319.6 214,2.9 - 179.0 2026.9
ENTHALPY 1- 3 30.2S 8S.7% 129.99 164.87 197.08 205.01 215.16 229.42 2141.93 251.52 259.12 26S.41 68.69
CP 1.2131 1,1| - |iTl I.05811!,l?6 |.Q|•16-1 1.111 14Q05k. 1,090. .9963 .98E2 .9796.1.1748
IMPUL OPT 219.71 291&.SS 342.21 375.21 389.90 398.90 416.24 429.12 158.73 k46.21 452.29 182.87
LN PUL VAC 326.18 357.52 384..0 40S.31 %1..81 1420.76 k32.37 %141.16 447.19 4152.98 A.721-32O.O
EPSILON 1.01.9 I.S57 2.639 4.696 6.649 8.569 15.882 29.773 56.263 105.638 192.97S 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 1000 398.1.558.5 _0b3J10_LSlz. -I1.__70 50.00 1.981 1.585 .631 .251 .100 51.0.8
TEMPO DEG K 2348.3 1888.1 1498.1 1174.8 912.7 785.7 7014.9 542.8 117.? 321.3 2414.. 180.3 2033.6
ENTHALPY (-) 30.25 85.811 130.24 165.26 192.59 20S.5? 213.16 230.09 242.66 252.30 259.93 266.23 68.68
X BAR 14.38b 14. 37S 14o.37S 14.37b Is.317 14.374 1%.371 11.4.3714 it..3714 l1.371` 14.3 14 14.374, 1.377
N 14.384 14.375 14.375 14.371 1..37% . 1.571. - ]i. 31it 14.371s 14.374 I1.4.374I.371. 3 1..374 Il.37?
CP 1.2627 1.1689 1.1092 1.0587 1.0278 1.0166 1.0109 1.005S1 1.0028 .99604 .9868 .9798 1.1940
IPPUL OPT 219.91 294.93 342.7Q 37M.80 3990.53 599.55 4116.9S 429.86 k39.50 446.99 41.308 182.81.
IPPUL VAC 326.61 358.05 38S.30 101.98 1s.55.3 1.21..? 433.12 k11..91 418.59 4153.79 458.03 321.07
EPSILON 1.049 1.558 2.612 4,701 6.656 8,578 15.901 29.809 56.31.0 IOS.835 193.533 I5000

CCOMPOSITION SHIFTING IMOL/100 _ON)
58.86 F .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-64.50 P.54 3.91471. 3.91471o 3. 91s7?% 3.91.71. 3.91.71. 3.94.71. 3.9471. ý3.91.71. 3.94.74- 3.91911. 3.91.71.- 3.94T74 3.94u74
.00 F2 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 H ___ .0183 .OOT5 .000 .O0000 .0000 .OOOG .0000 .0000 .0000 .000 .0000 .0000 .0041
.00 42 10.418010.%263 10..231 10..271.4271 10.11271 10.2271 10.21.2110.1.421 10.1271 10.1t211 10o127110 .1N25I
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u~kolo MuAIn 31 UN T PCSOOmf T

C.0 00 0 000 25 L5 - oi 4011D 00237 30 1 0000 ,07.060 --- A1-

6Z - .. 1.00 ,., idol, -1.61 s1.S

5103. 660C/ PIS7 P 1 3.4 TEMP 6 306P 13.0 3 S64 00.4 3 32@ .9 l Cl fil M589146-0 96-15 !301 low 1031C V9

I 0.UL 30J M - - JL213. 1 6..000..

'D . 2 OS2 .011 16.6 0

12 000 I?1.32 S.92 3 11.3 -222.20 1."?3 309.3 1l.2 3.096 322.3 3.23. 1.67a

30.000~~~~ba~ 430..3 3.0 3. -3..~~Ij IS T~
1.00 730.210 3.,V9 S11.3 -3 .2$2 . 910 1.06 33 . 38406 1 b1 1. 2AD69 AR,32 !1111 30. 23.3 3.0 1 .~ - 12?s- LI

54 1ýI O -AQ J -!94.13i-3Ldal- hj~l 422- -41 4"j=L-~.h4
2J.u: 44.2S45t all :U I .Cý23 1,12 i:U1b ?tt iI2: S992 --- 1 --- S l
20.000 96.3 .126 %it.S -236.03 1.006 342S.2 f3 1.3 6.6 3: .711

2.00 33.1p3 1- W9716-1~ =- 10 12.8!.32

3.040 3373.33 I.0 % U13 3 1116.3 29L3L 31. ".. 1.171173
33.000 10".3 .8a 33E -1,230.73 .e 3o 4.1.339333I T
30.000 68323.0 03 332~

3
.1-.9 JJ l! __ 4. .

3&8il 30 .000 233.3. -204.21 3.202 113
MA~ ~ ~~6 0. %MUt0L0f.. -- It1. -30000 2050

.9,0 1.146 322K.0 -42%S 3.306 110 22.3 199 . 38431.0 S 0.3 ,7.43.21 333

a3 3 90 -301 03 -. 033 3M7. 33.0 3.03 21. 390. 39:. M0. M-1 0 3.163900 V44 3 1.70"_ _ 1.8 .- 3 31 .l 1 t...2. 3.f1 IA0k.3L123O t A4 1.104
44t __f V~ _ __ _ _- -- - - -- S.3L .-

0 .03 0 32:.70 Ill 9 360.3 -2302 .0 0. 0 2. 3230 .7 3.4

120. Is 311ihL.21 .1 73 3.603 :M .1~ 'M .lj - ~ 3lh H3W.. -Flili

3.3334 327.218 33. 3.0

30.000 3382.332 3.36 333. : S227 A.0 330.6 32. 3 .
s3.,0 14.3 M. 1. AlM1 33301 111.3 WA09 301 4 11413, U49.

1.0440 73 0..2 0 .324344.7 - 62s30 1.0 3.3 3. .26333.

13.000 717 -17.1 1. 19-20~9 .71 3141,5 1,%23 ?9Et
13.::0 73.3 3.222 43 . 11S1 *1 3.002 1. .. 351.6 502 32.3 33 333.3 3.S0 33S
S3.300 %A.ff- 2119 iLl2.3A111W-t2 %01sL8 1,S22-

30.000 903.233 31.012 827. 701.3 3.000 3 . 6.. IS4 323.7 30.31 3032 33. 2 I. -?

33090- 302i.7. to ' =21 1 ,1 011 ---- -Ulk -42J -i 0
63. 20 .10 7." &"a _2-2o,, 1.009R~ 60. 29.3 -2. 2. .

37000 122.3 M J 4-.1 1-1
30.00 61.604 S.1 - . 23 101491 I. .030. ,1. .1

139.6000 323d 11HIA,-1 :IUsoft 1,oI 1 1a2 1Wý2.
I r "0________________ ;Is______ uILA._A._---_-__

,#:Go$ .03 W D . m0$L1. -0 .17 .07 90.3 23.0 3.606 42.j. 71. .32. 130.3S.1 2 1.90

JIM- WI1M.11 11%M.16 1li" 11H' .0214IW,1 ,~L-LL432 1. 2.



PRESSURE PROFILE DATA
SYSTEM LIQUID BIPROPELLANT PC 1000. PSIA

COMPONENT TREF FORULA DENSITY HEAT FORM NT. 0/0
_.. . .. EGK______.GM/CC__ IKCAL_/FORM.W•T. .. .

05.2 F2 I.SI -3.4? 80.

bULK DENSITY * .299 GMICC

MIXTURE RATIO 4 8.000 LB OXIDIZER-/ LB OF FUEL- ---

PRESSURE PROFILE DATA

CHAMBER ENTROPY ST3.0 EU/I00NGS

CHAMBER THROAT

FROZEN EXPANSION

P M E S S U R E . P S UA - I. - . 2 1 2 Ir .7 0 I . o o--s2 T- I - - . . --6-1 - T 0O Si 2. 6
TEMP, DEG K 285S.4 2301.0 1842.5 1458.3 1181.2 98S.2 885.1 682.7 S2S.5 b03.9 310.5 23S.2 2178.6
R IMALPY I-) Z6.03 52.V0 12o.61 lboV. 195.61 ZOreZ. Z15.71 Z5.16 Z46.45 Z5.f 25.4.U VrM.S 33712
CP 1.0%97 1.0106 .9679 .9232 .880 6 .8679 .S592 .8463 .8422 .8800 .8347 .0286 1.0252
IMPUL_ OPT -22.-3 295.72 5816. 68 31151-i 397.07 406.%s -- &.9-3.W ".2-WW-VT.V-R--
IMPUL VAC 330.64 363.16 391.49 413:.0 ,22.99 429.18 881.29 850.82 57.384 862.59 866.72 328.83
EPS!Lff- 1 1.]Sr 2.658 -,.0 6.817 L9.3 - 16.31I -30,1-SST-ST.M1 .T 507 2D15 T.-OD

5MIF!Ilq. RRFANOIOVI

PRESSURE* PSIA 1000 398.1 IS.S 63.10 25.12 18.70 10.00 3.981 I.SS .631 .251 .100 $46.8
TEMP. DEG -K - 7 3 3 1 U TW5•- -T7. 11¥T., 1011.9v 7T r 2 1U-- ro. -2----orU 2 2. v 2 31.1 6 "
ENTHALPY _-I 26.03 83.39 129.98 167.21 196.50 210.61 219.50 237.26 2S0.96 261.50 269.58 27S.98 64.90
X OAR .L1-• 12•0•7 .- u27m; 26 12.026 12.026 iT.076 ;-0217J2 1-20r• l u26 T1 2O 1I.-O8--
N 12.084 12.037 12.027 12.026 12.026 12.026 12.026 12.026 12.026 12.026 12.026 12.026 12.048
CP I.Z656 1.410`66 Vail VzvU .5005 . 9 ...99 *- 5 .0411 .53UZ .634V pzfls 1.l°9!
IMPUt. OPT 223.39 300.71 350*.5 35S.16 400.72 410.25 820.67 442.38 S2.S9 460.29 866.30 163.90
IMPUL VAC 332-W 55 D -.9 - k18 W5.3 T' 62.21 4 6 .518f76761
EPSILON 1.053 I.S82 2.706 4.849 6.886 8.886 16.498 30.92S S8.803 110.999 209.817 1.000

COMPOSITION SHIFTING IMOL/100 GNI
90.66 r UUU3 UuuU .U000 °UUUu .UuUU VuuUU .UUUU .UUUU .UUuu .Uuwu Uvu Vuu °UUI

-68.S0 FPH .. 2102 4.210S 8.2105 8.2105 4.210S 4.210S 4.2105 '&.210S 8.210S 4.210S 1.2105 4.2105 8.2105
.00 F2 - •o0-•0o0r- .0000 .0000 .0oooo0- 0000---DO- .DMY0 .oooo .oOU00OO

52.10 H .11S .0231 .0022 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0833
.00 H42 -?.7?5"]'-?-.I3 T.818$ 1.8153 7.l15 -U1W TJ1W-7.l*lS 1*8154 r.51S5 (.8155 ,UT3V 815 3.7
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COOPSIa O SI::* :,a$,1 0,1F03517Y,, A FOAM W0t. 0. /0

20. 2 .1, -16074 20.
F 160 N1 EX070 615 0 -- -- -- - -

EPIO C/P P PSI& TEP1fALVC . I50 S.0. 4P&T A VC FSE0P AOPOILSO~~ I OP FOSOOPI. C. Cl /PP 0101 OLKO 1000I00 SOO 1I01 L 00Cl81
I 0.... 0 I CI l , 10:01 1:001609 LI 00 00 .1

.000 :2S0 "0.0 2I0. -. 1 1.20 16.0 100.4 .2S9 02. 52 2 4 42 320.8 1.P07 1.25S
2.00 5000 0. 1*.0 -10..1.90 320.., I1.. ..0 300.0 171.:9 3F0.0 377.0 1.424 1.%09

.000 30.0015 2 61. 10 231.9 101 .89S'572.0 54.S 1.001 091.5 396.2 000.1 b01.1 1.S,0 1.s73
.000 02.000 23.S83 a12. -1. .0 3. 1.1 193 19.2 401.9 017.1 0Th.!3.2 1.0

i 13*5 12.90l3.S 202.SS .8'72 25.7 3 .5 390. 003. 050. 't. 533 .

12.0:3 101.15 0. 0 7 . 2 0 2 1 01 01.1 19.0 3.13 030. 130.7 1.06

10.000 202.007 I.33S92 710 22.0 . 2 0430.0 21.9 3.000 4 0 1. 23.0 03.0 1.090
1101 70.17 .05 091 7T5.10 V5V 07 11.5 1. Tyr 4751.1 N5.0. 71.11

I700 ,0 1 1.0 :00. :2105 .00 0 .0 0. 0.1 0 10. 10. .0,:0.1000 221 ,,: 1 3 .1: ,l 81 0 . 1 ;:-2001 .9S1 00. 2.0 000 030.0 002.0 1.671

'1.000 161.130 6.200 050.5 - IS. 20 .650 k40.3 tq9 .91.35 *30.4 001.1 1.414
2200 3 90 So11 002.59 -2390 2.000" a1l. M. 0.0 03. 000.0 T.7m2I.00 0030 a.1 Y21.9 -200 .1 0 03. 1.1 0.670 01. 000 43.0 1.42020.000 02W.701 2.20S 1009-0.71 .0 t,3.2, "t0003,5.0072 .
2-.000307 0 2.000 050 -0.0 .0 3. 1. . 1. 0. .0

2,0.000 102.6" 100 16 1.7 "000.7 -200.01 .5 00N . 50.0 4.%135 43%.S 4%9.0 1.737
2.00 212.203 5.097 030.0 -200.08 sk .0?205.0 12.0 7..94 059.14 5.12

00000 316.022 1.02 1 11:9. -200:11 :002 M057.0 1 :2.0 Sys0 0002 :90
32.00 01.20 .07 110. -27a I00 05. 2. .00-0s. .1S0.0W70 3 715YT52.0U5 65Lr,0,a . 7 10. 2 18. IS%0 4 15.6 4. 1.11 -

32.000 705. 160 S120 602.0 -200.96 .002 000.0 14. 9.909 Z 011 5.700
20.000 k2S.021 .267S S9.1: -2100.90 :8400 2 : 60.1 1 .69 9Z13 012.1 1.7074

,!.000 00.: .0 0. 209.01 .805 3012 110 9.739 436 . 3.120

2 1 0 0.0 S0 1 1. I 9 I t.7 0 1 0 9 0. 180 1 S AC I9 . I S 1, . 0 
0 . . 0

0000 0200 .02 00.7 -015 J61 0.0 5.!,S 64 %03636 40.3. 1.133

,1.000 S0. 00711 1 .0 0 .9 -201. 3 . -S600 .9 55.0 10.01331.9O 0.71,
too50 a012 .07 000.5 -2050 S . 01 : 09.0 5. 1.01 11. 570103500 6 227.1 . S0 00.9 -20.6.9 .000 00. 50 7 11.30 00. .70

0.0 0 00700 .1.0 00. -2 20 .0 00 .0 50.0 1 1 01. .70
311:0 0 1 645.02@ ;:6 0 1 0 - 05 0 0 5 9 9 9 0 0 1 . 0 - 0 . . 0

0000 55000 08 03. 23.0 .0 00. .0.03.01 k000.51 5.712
17.000 1 .20260 ."1 009. -20.08 .00 00. 01 23003.,.020.03 320 .00 050. -100 .1 00. 50.2 52.9012 00.0 1.71%
9034 4316032 1.7%6 002.0 -20.13. 00 000-...0 31.1:12. 90 0:.2 1.70

36:000 :%ISO 3049, 1.2@ 1 0 2 ., 90. 0 11.6 90.42 S . .1 1
01 1 .17 C/ 1~ 1OO 00 01.9:0 CP 1.01. I 01 3 01,01 01 091 : I I ,0 571 I 0.T CF .9 VoC

0050.3 -0.12255.7 .00 0. 20. 0.2%000 00. 32.0 5.000

9000 90. l : 0 .5 -21 .05 .0 0 -3. 02 0. 2.0;0.0- 02. S30. 50
V.150 11951-1 0.9 700 : .90: 0 1 5.1 3. .1 -1: 2:7 01* .213..?9

12.200 8 1. -202 .90 0 1 20. 1.9 3. 3. 1.79

700.1O : : -"21.' .811 4%2.7 70.2 11.032 050 so. 34A T16
% 90.230 1.9 70. -2350 680035. .9 3. 0. .9rfbo 793.095 .9.00 71.1 -2s2.65 .8419 . 554.0 S40 990 9.5 5.108

310.003 21A:.9"0 132.00 97.9 -2103.008 029.0 50. 1 .01 03.700. 1.;730
59000 1352.283S 5.& 66. -200.0 %4S. 00. 10.0 .1 3 2:9.0 S0.2 1.717

23.000 954.000 2.78 32 0101 200. I9 .002 07.06 07 03505. 0. .2

200 00.2 220 60. -0.9 . 002 97.1 20.0 10 6:393 . % 0.g 46.023.005.7 l 5.735,

EPSI000 0C2. 50 2.550 T9O. -264.111 1.00 038.2 1 .1 0.000 I000.. I I 1 00.1 CF 5.711 .
2000 00.09 ..0 C6.8 " 2070 C.90 030. /1. 0.915 11 00501 00.0 .3

203 13. 000 500.000 2657.5 -269.0 .20 0.0. 30 70205. 0. .3

2900 970 50.420 1490.9S 297 .905 0036 S. s F 50. ?903 00. 030.1 27.so

50.000 s0o.2 53.09 015.5 -20.1 I0 005. 50. 07.80 M.03060..7 .06 IS3 15.70

55.000 013.311 19.079 1003.7 -203.0 .00 314 1:%1 002.0 52.0:, 0.091 00., 3.700:
0 2.0 0 0~ ~ ~~~~ :00 0 9 5. 0 . 2 5 0 0 5 0 00 5.0 2 . 7 0 0 .9:.1

300 9.7013 1..330 170.1' 0. 599005.9 -MS so.. a., 430.000 52.092 1.6976 926.2 -21S.72 .6:4 000.5 52%.2.08 . 03. 000.% 43.5 5.709
5000 0.00 1.5 570-2320w0 005.8 53.5 9.210 006. 1-.0700

,:c000 700.91 80 .209 875.0 -223.71 .856 000.5 55.09 2:@621 007. 5.,9
"5200 138.813 5.20 a 001.2 -200.21 .0 7 g 00. 118 971 037.1" 1 67.
30.000 900.59 13:0 . 07 09. -200,70 .0W0 I . 55. 0 2 0.0. 3007 3S 3.7 1.606

"0.000 15.0 5.7 : 009. 2-2100 5 009 5. 00308.21 2..,
05.000 190.20 .33 S 019 05.3 -233.02 .000 %07.1 11Z '.1 3 10.6.6 08.1 1.670
0200 5003.01 .990 079.. -200.00 .500 007. 5555.560. .0

0.00 209.5 .90 07. 2:0.6.7 .00 109.0 5.0 55.029 09. 5 41. 1.75
00000 5010.01? ý.81 670.0 -20.5 .09 009 1.0 150. 55.701 %_09. 3 4. 5.700

0300 1 .71 .99.5 %4:.o0.o 1.9 90. 5.20.93
00.000 ISO1.2 Z.O70 6S2.9 -2%1.961 .000 009.5 50.7 S2.295095 .0

7:0080 %18.05.016 0 0. 7.0 -23.2 .0 ".9. r 00 6 52.0000. 0 50I
2800 55. 50 . 62 003.5 -208S.00 .800 009. 52. 14 . 70 000.2 15.,0

900 5 0260 2:980301S9.4 -200.07 .510 000.5 50.05.02 I8~ 5.76I
26.000 %20.90 . 772 2 000 8.5 -209.59 .0%0 000.0 10. 3.272 b 0 020. 5.701

,.96 08000 50.0901 50124 7.89 -250.05.72 000. 20.0I 53.7 97. 007 080.7 020 5 4071 T5 TA.017

,0 ~ ~~~ S51 -zs .s __84t -4. 11.0 - 7- .86 45.1 1.III1 : 1100 12. 1.1 1.9 ,5IT
I2*0 1618 11 -s b 41. 2. 1 T S: .k



-PRESSIJR1 PROFILE DATA
SYSTEP LICUID BIPROPELLANT PC 1000. PSIA
.CMOET TREF FORMULA D.LNSI 1T Y HEAT FORM WT. 0/6

DEG K GM/CC (KCAL/FORM.WT.)
85.2 F2 1.51 -3.41 85.
20.4 H2 0.071 -1.881 is.

BULK DENSITY *.374 GM/CC

PIXTURE RATIO *5,667 LB OXIDIZER / LB OF FUEL

--- PRESýSURE PROFILE DATA-

CHAMBER ENTROPY 466.63 EU/100GHS-

CHAPBER THROAT

-FROZEN EXPANSION
PRESSURE, PSIA LOCO 398.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 543.5
TEMP, DEG. K 3439.7 2782.9 2234.9 1778.8 1401.0 1212.8 1091.3 842.9 847.9 497.0 381.1 291.6 2991.8

ENTHALPY -I 21.80 77.98 123.29 159.52 188.21 201.98 210.69 228.13 241.56 251.87 259.77 265.84 60.31
CM .8687 .8415 .8103 .7763 .7409 .?223 .7118 .6934 .6847 .6828 .6804 .6766 .8506
IMPUL OPT 221.07 297.13 346.12 380.47 395.90 405.35 423.65 437.23 447-.36 4'54;. 98' 4. 60.7 1 83.02

IMPUL VAC 328.79 361.49 390.10_411.98 _422.11 428.39 440.68 449.90 456.87 462.15 466.17 322.90
EPSILON 1.051 1.518 2.708 4.87-4 6.931 8.951 16.617 31.08S S8.541 110.877 210.434 1.000

- - - SHIFTING EXPANSION
PRESSURE, PSIA 1000 398.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 557.6
TEMP, DEC. K 3439.7 2941.1 2454.3 1992.4 1587.0 1381.9 1248. i 6 f13 75-1.0 -578.6 44S.1 342M.6 31I21!.9i
ENTHALPY -I 21.80 79.17 127.20 166.55 198.15 213.44 223.17 242.74 257.92 269.63 278.66 .285.57 59.28
X BAR 9.898 9.767 9.699 9.680 9.677 9.671 9.677 9.677 9.677 9.677 9.677 9.677 9.807

N 9.898 9.767 9.699 9.680 .9.677 9.677 9.677 9.677 9.677 9.677 9.677 '-9.677 ý9.807
CP 1.4434 1.1613 .9319 .8095 .7571 .?340 .7202 .6961 .6825 .6767 .6757 .6721 1.2635
IMPUL O PT 223.39 302.79_ 354.85 391.67 408.30 418.53 1438. 40 -453. 21- 464#.-31 472.69 479.0 "1 180.55
IMPUL VAC 334.55 370.76 401.84 425.57 436.61 443.48 456.94 467.07 474.74 480.57 484.99 327.15
EPSILON 1.082 1.631 2.832 5.133 7.328 9.488 17.712 33.270 62.840 119.276 227.S97 1.000

.COMPOSITION SHIFTING (KUL/100 GM)
18.86 F .0054 .0010 .0001 .60000 *.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0026

-64.50 FOH __4.4683 4.4727 4.4736 4.4737 4.4737 4.4737 4.4737 4.4737 4.4737 4.4737 4.4737 4.4737 4.4717

.00 FZ .0000 .0000 .0000 .60000 .0000 .60 0 -.- 66 06
52.10 " .43S? .1775 .0440 .0053 .0003 .0000 .0000 .0000 .0000 .0000 .0000. _.0000- .2580

.00 H2 4.9885 S.1154 5.1817 5.2010 5.2035 5.2036 5.2036 5.2036 5.2036 5.2036 S.2036 5.2036 5.0756
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I

SYSTEM LIGWO 80PRPAOP1ELL IT PC 1000. P$IA
CTMPO4aR4 REN f FORMULA 0195370 H6Ar FORK WT. 0"0

GEG AC/ L / FORM.?M.8
45.2 P2 8.58 -3.47 85.
200. 0.0 0.071 "1,117 I5.

FROZEN EXPANSION

t STAR j 4079.8 FT/SOC
EPSILON PC/P P PSI TEMP 7T3HALPT CP CA / I OPT CELVAC OFLYAC I SEA I 45 1 AT 1 VAC CF SEA CF VAC

fl--- E CAL/LOSUM GM 060 /P LOL 10600 .0000 LVL
1.000 10O.CO0 3030.7 -.A8.0 .848

1.000 1.800 543.1526 0•918 -60.01 .5SI 087.0 I34. .257 389.1 320.0 302.5 020.0 8.200 1.055
2.000 10.4182 9.403 2007,1 -810.64 .7905 323.8 $1. .544 347.7 370.8 374.8 375.7 1.429 1.440
0.000 11.9GM 52C8A 8 105.5 -145.:0 .a70 t$3.0 41.3 .170 083.0 346.5 39).? 394.5 . 48. 1.533
4.000 30.080 33.242 8517.3 -879.53 .752 370.5 35.0 1.052 390.0 394.7 003.? 405.5 1.51I 1.576
5.000 41.400 - 1f.J -889.29 .709 01.7 31.1 A.288 098.9 399.6 410.6 412.8 8.530 1.604
6.000 54.875 18.223 1204.0 -196.41 .729 390.0 24.0 1.543 395.4 402.3 415.5 488.2 1.537 1.:2 -A
7.000 69.082 10.473 8207.0 -202.00 .700 704.0 24.1 8.802 400.9 489.3 422.0 1.44
4.000 84.S46 11.821 1143.2 -206.99 .716 401.4 24.4 2.062 404.4 422.2 425.7 1.454
1.000 IC0..365 9.917 |0RI. R -210. .70 403.5 27.7 017 024.6 428.5 1,464

10.000 11.523 8.437 1042.2 -214.17 .708 405.1 21.8 2.518 424.S 030.9 8.474

11.000 1137.179 1290 10011.? -t
1 7

.04 .?05 412.1 20.0 2S
5 

. . .. 0 432.9 .. 1.4
12.000 156.407 6.705 946.0 -219.5$ .702 414.8 19.9 3.120 423.0 434.7 1.609
1).000 1 7.610 1.442 930.2 -221,77 .700 417.3 19.2 3.384 030.5 4.2 1.A93
14.000 197.004 5.074 905.7 -203.74 .498 410.2 18.5 3.644 431.4 437.4 1.701

85.000 217.631 4.505 0.9 -025.58 *694 401.0 17.9 3.891 4)2.3 430.9 1.705
1.000 2'0.370 4.19$ 854.4 -227.19 .494 427 17.3 4.137 430.0 40.0 1.710
17.000 Z60.259 _.042 834.9 -228.48 .490 424.7 14.8 4.3I3 403.4 041.1 1*714

1'100 14 2:4.476 1.51 861S.1 -710.06 .92 4215.4 14.0 4,,1 . - '
19.000 300.37$ 3.231 704.8 -208.32 .691 046.9 14.0 4.540 434.5 442.9 1.721
20.000 534.887 2.984 779.8 -252.50 .400 48.1 15.4 5.210 434.8 403.1 1.:74
21.000 860.801 2.771 7 "4.0 -230.50 .489 429.2 IS.2 5.494 435.8 444.4 3.777
27.000 037.264 2.502 149.2 -234.48 .488 430.3 14.9 5.741 45.3 45.2 1.707
23.000 413.905 2,44 D-• -235.56 .618 431,2 14.4 4.0301 405.5 449.8 1.730
24.000 110.824 2.241 722.0 -294.44 .45' 432.1 14. .4.302 435.7 444.4 1,705

25. 000 47.017 2.138 710.0 -77.01' .607 503.0 24.0 4.542 535.0 407.0 1.701
24.000 454.850 2.C21 496.4 -238.80 .604 433.8 13.8 6.415 405.9 447.5 1.730"27.000 521.05$ 1.016 647.4 -030.80 .646 434.5 L3.5 7.062 436.0 448.3 1.041
28.000 541 7709 1.422 474.9 -239.57 . 484 435.2 13.3 7.300 034.8 448.4 1.708
29.000 575.580 1.757 467.0 -240.25 .405 435.9 10.1 7.535 434.0 409.0 1.7t4

30.000 642.22 1 4610--657. -740.09 .485 434.4 12.i77477 409
38.000 62M.718 1.591 448.4 -248.51 .485 037.2 12.7 7.502 449.9 1.748

32.000 450.795 1.516 440.0 -242.10 .685 437.8 12.5 8.255 450.3 1.750

53.000 691.750 1.446 451.0 -242.44 .484 430.3 12.5 8.531 450.7 1.75114.000 724.277 1.341 623.0 -703.20 .4A4 438.9 12.2 0.800 051.0 1.753
35.000 757.180 1.321 434.4 -2,0.72 .640 439.4 82.0 0.083 451.4 8.754
34.000 753.568 1.245 439.1 -244.21 .684 439.9 11.1 90.366 '4S.

31.000 82o.350 1.21) 602.1 -244.49 .464 040.3 11.7 0.440 452.0 8.757
3:.000 618.407 1.145 505.4 -245.15 .404 440.8 11.4 9.921 452.3 8.758
39.000 �8..911 1.120 569.0 -245.59 .664 041.2 11.4 30.197 052.4 1.7$,
40.000 427.437 8.070 582.8 -24.02. .484 442.4 18.3 30.477 452.9 1.7?0

01.000 042.604 1.¢)9 574.8 -244.43 .680 442.0 11.2 30.17S 453.2 8.748

02.000 057.785 1.002 571.0 -246.82 .463 442.4 11.0 11.014 4.-:
.3.0001 1033.13 .986 565.4 -747.20 .403 442.8 10.9 11.285 453.7 1.740
44.000 3058.433 .934 540.0 -247.57 .483 003.2 10.0 31.551 454.0 3.740

45.000 11C4.21 .934 554.7 -247.93 .483 043.5 00.7 11.835 454.2 1.765

46.000 I179.919 .677 549.6 -240.28 .. 83 443.9 10.4 12.07A 454.S 1.7467 .o000 1135•.451 .858 500.7 -244.48 .483 444.2 10.5 12.334 454.7 8.547

4.o000 1211.4"4 .625 5.9 -248.90 .80 1 44.5 10.4 12.894 1.?

49.000 1247.111 .802 555.3 -249.26 .403 440.8 80.3 32.040 455:.8 .749
40.000 1282.MO1 .779 530o.6 749.54 .,03 405.1 80.7 10.050 455.3 .7169

6.931 6.0.00 14.696 1212.4 -201.96 .?22 395.9 24.2 1.104 395.9 403.0 419.8 422.1 1.538 3.640

A ' I 7A G 4 . FT/SIC
70S4380 7cI/ I PSI7 TEMP E45A4LPY Co CAL/ I0ST DELIAC 0 0LVA8 056 8 At I 84 I VA4 CP SEA CF VACI.0o0 8COO.COO 34•39. -21.00 1.443

8.000 8.743 057.583 3128.5 -50.04 1.040 100.5 144.6 .263 323,3 324.5 374.7 327.2 1.244 8.230
2.000 0.430 803.644 2244.9 -140.9$ .870 324.8 57.1 .550 075.0 378.2 342.9 383.9 8.420 1.40
3.000 87.437 57.21 1049.3 -140.04 .80255.1 45.4 .793 390.9 094.4 003.0 404.5 1.090 1.539

4.000 27.0712 35.078i 1744.4 -304.00 .770 370.0 38.4 1.075 400.08 405.4 484.8 484.4 1.520 1.5655.000 30.489 
2
6,O•tl4

0 1
tI -804.04 *759 390.3 34.3 1.320 405.3 41 .L 4__424.7 1.542 1.435

4.0O00 50.504 89.748 8493.9 -205.85 .146 890.4 31.3 ).583 407.0 484.4 428.0 430.7 8.550 3.438

7.000 3...37 85..34 1406. -288.40 .737 406.3 ? 9.0 8.045 400.2 441.4 432.2 435*.3 1.553 1.154

8.000 77.64: 12.074 8335.0 -284.87 .529 488.5 27.8 2.804 487.4 475.5 439.0 3.470

0.000 92.5*8 10.805 6 1274.4 -028.27 .723 484.4 25.4 2.540 087.0 434.1 002.8 3.482

80.000 808.200 9.230 8222.2 -225.03 .7180 420.5 24.3 2.643 400.3 444.0 3.492
11.000 825.80s 7. 1 8.74., -fl0.29 . 1. .421,.j 40,. 290A 48.8 447.0 1.700

12.000 842.807 7.000 1834.5 -238.85 .710 424.6 22.3 0.302 443.4 449.0 3.708

13.0010 181 20 1800.4 -2 9 .701 029.3 23.4 3.455 444.9 050.M 8.715
'4.000 875.042 5.560 1048.3 -235.97 .704 413.6 20.7 3.723 644.0 052.3 1.720
85.000 I80.875 5.202 3039.0 -228.03 .708 473.7 20.0 3.905 44.9 453.7 1.724

14.000 210.044 0.585 8012.3 -239.89 .699 435.4 80.4 4.290 445.8 455.0 1.731

87.000 237.480 : 0.0••;1 '0t, -248.4 .497 4•37. b l
0

9 140.5 05*.2 8.735
1..000 /.584 3.003 045.2 -203.10 .404 436 3.01 4.730 A49. 4 40 T 8.739

89.000 279.935 3.572 044.2 -2440 .454 440.0 1 7.9 5.022 009.7 058.2 1.743

20.000 312.043 3.308 924.7 -245.00 .453 144.4 87.5 5.307 450.8 450.8 8.744

28.000 324.528 3.043 004.5 -247.25 .492 042.*9 87.8 5.598 450.4 440.0 8.750
22.000 350.5730 2.053 095.5 -240.03 .490 444.0 84.0 5.873 050.7 440.8 8.75323.000 374.000 2.347 010.5 -249.53 .649 405.8 84 4.854 451.0 046 .5 4.755

2 4 .0 00 3 90 0 5 00 2 . S 0 3 505 . 5 - 25 0 . 57 . 6 0 8 4 4 4.1 86 . 8 4. 4 3 8 - 4 5 1 . - 1 . 7 5 0

/5.000 424.467 2.54. 804.3 -251.54 .608 .47.8 85.8 4.704 451.4 046.0 1.740

24.600 459.450 2.225 630.0 -250:14 .687 47.49 184. 4.973 451.4 443.4 8.760

27.000 4704.10 2.807 818.8 -253.34 .404 448.4 15.2 7.236 451.7 044.0 3.745

/0.000 495. 744 2.008 004.0 -054.817 .405 445.4 85.0 7.949 458.0 444.4 8.747
29.000 520.848 1 .905 794.5 -25.93 .65 450.4 18.8 7.75 4051.9 445.8 1.749

30.000 549.800 8.0819 703.4 -055.70 .484 053.8 14 rT1 7.90s.... 4 4•-•5.4 -- -- -1.?7731.000 574.004 8.740 770.8 -244.42 .404 458.0 1 4.3 0.220 452.0 446.1 1.773

32000 52 99.448 8.648 740.8 -7.10 .480 452.4 84.8 0.448 044.5 1.774

33. 000 424.532 2 8.42 753.5 -257.75 .603 453.0 13.9 S.486 467.0 1.774

5 0. 0 0 0 457 . 2 5 4 8. 5 33 7 4 4 . 4 5 - 2 5 89 . 3 . 6 0 2 4 5 3 . 4 1 83 . 0 .9 5 04 047. 1 . 7 7 6

35.007 601.R24 1.047 705.4 -258.98 .402• 554.2 13.5 9.207 66?____ 4.8 8.779
34.000 788.630 8.405 727*4--259•. 55 .408 454.6 83.4 0,571 460.8 8.788
17.000 702.205 8.347 739.0 -240.88 .481 055.0 1 3.2 9.805 448t5 8.782

30.000 773.04 8. 2 194 788.2 -240.44 .648 055.8 83.8 80.040 440.9 8.703
39.000 404.641 1.243 701.4 -268.14 .680 454.6 18.9 80.373 449.2 8.785

40.000 035.443 1.897 4964. -248.45 .400 454.8 12.0 10.457 449.5 3.704

48.000 867,429 1.853 409.10 -02.18 .480 457.2 12.4 80.935 4649.8 1.77

42.000 099.440 8.882 6•-bi4-*T•.59 .480 057.7 -- 7r.T•li.i•O -... .... i70.U- 8.706

43.000 931.724 1.073 474.0 -240.03 .479 456.1 12.3 88.500 470.4 8.780
44.000 944.690 8.037 449.4 -Y•i.*6 .679 450.5 82.2 88.779 470.7 1.700 '
45.000 994.850 800 4 40 ..5 -240.9 0 4769 105.9 87.8 82.054 0 74.0 1.798

46.00. 1020.450 .578 457.5 -244.2 6647 909 82.0 82.330 478.3 0.792

*7.000 806.5802 .941 458.8 -0494 679 459.7 81.9 62.402 471.5 8.790
40.000 8095.41 0 - .03 444.2 -245.04 .470 040.0 1.7 82.7 A 2 478.8 4 1* 11
09.000 820..783 .046 440.7 -045.43 .478 40. .4 83.840 472.0 8.795

50.000 8841.070 .841 435.4 -745.78 .67. 440. 83.5 83.404 472.2 1.794

7.370 48.004 34.94 1 80148. -71.40 A.74 40504 20.3 8.927 4.3 484.8 4133. 446.46.553 8.418

I
I

11.0. . 4 " :,: 14 :.11 11.1 13. 9.10 :;0



PLESSURPSROGFILE DAtA
SYSTEM LICUI 8 1PROPELLANT PC 1000. PSIA
.. RPONENT TRIF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC (KCAL/FORN. WT.)
05,2 FZ 1.51 -3.47 89.
20.4 H2 0.071 -1.887 it.

eULK DENSITY - .468 GM/CC
MIXTURE RATIO * 8.091 L8 OXIDIZER / L8 OF FUEL

. PRE$5VRi PROFILE DATA

-~CHAMBER NTOPY.EV10 M -405. 1- FU 10J

.. -- CHAMBER THROAT

FROZENEXPANSION
PRESSURE. PSIA loCo 398.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 -,251 100- 5-3.0
TEMP. DEG K 3973.1 3204.9 2568_.5 204?1 k609.1 1393.S- 1253.8 967.2 740.9 565.7- 4;31.5 329.3 3447.9
ENTHALPY 1-) 18.42 72.44 11S.88 150.57 178.03 191.21 199.56 216.25 229.08 238.89 246.38 252.07 55.52
CP .7124 .6931 .6714 .6461 .6191 .6031 .5922 .5730 .5624 .SS8S .S575 .SS54 .6997
IMPUL OPT 216.76 291.17 339.05 372.61 387.70 396.96 414.84 428.08 437.93 445.31 450.63179.63
IMPUL VAC 322.23 354.09 382.02 403.42 413.33 419.48 431.47 440.42 447.15 452.22 456.04 316.54
EPSILON 1.051 1.574 2.701 4.863 6.918 8.934 16.566 30.893 57.917 109.118 206.633 1.000

SHIFTING EXPANSION

PRESSURE,-P$A lOcO 398.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 562.3
TEMP. DEG K 3973.1 3484.9 3025.S 2570.4 2115.3 1863.7 1694.9 1137.6 1044.0 808.3 623.0 479.4 3663.2
ENTHALPY 1-) 18.42 74.05 121.65 162.01 19S.52 212.04. 222.66 244.22 261.14 274.30 _284.46 292.29 54.20
X BAR 8.251 8.067 7.926 7.839 7.805 7.800 7.799 7.798 7.798 7.798 7.798 7.798 8.131
N 8.251 8.067 7.9Z6 7.839 7.805 7.800 7.799 7.798 7.798 7.798 7.798_ 7.798 8.131
Cp 1.62C1 1.3822 1.1C82 .8497 .6860 .6402 .6198 .5880 .5658 .5517 .5462 .5449 1.4771
IMPUL OPT 219.98 299.66 353.42 392.50 410.40 421.50 443.19 459.50 471.79 481.07 488.09 176.41
IMPUL VAC 330.46 368.84 402.71 428.86 441.02 448.61 463.54 474.82 483.34 489.80 494.72 322.38
EPSILON 1.069 1.681 3.009 5.576 8.026 10.442 19.687 37.226 70.513 133.892255.042 1.000

COMPOSITION SHIFTING IMOL/100 GM)

18.86 F .0385 .0126 .0029 .0004 .0000 .0000 .0000 .0000 .0000 .0000 .0000 - .0000 .0197
-64.50 F*H 4.6457 4.6716 4.6813 4.6839 4.6842 4.6842 4.6842 4.6842 4.6842 4.6842 4.6842 4.6842 4.6645

.00 F2 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .00006 .0000 .0000 .0o0oo -o0r.00 '--
52.10 H .8660 .5239 .2518 .0802 .0128 .0029 .0008 .0000 .0000 .0000 .0000 o .0000 .6457

.00 H2 2.7005 2.8586 2.9898 3.0743 3.1078 3.1128 3.1138 3.1142 3.1142 3.1142 3.1142 3.1142 2.8013
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I
55YT9M 733410 3OFIPfOPLAHT[ P£ 1000. PIIA
Ca0FOREI. JEF FORMULA DENSITY HEAT FeOM WT. 0/0OR KGM/CC 3RCA3L/F3M8.w7.3

3. F .53 -3.97 I9.00.4 NI 0.071 "3*RM7 33.

FROZEN ETPANSIR | I

C STAR - 9li3.9 FT/SC
EPSILON PC/P PSIA TIMP ENTMALPY CF CAL/ I NPF 0ELVAC OTLVAC I SEA I AT I AT I VAC CF SEA CF AAC

OR.. DG K ECAL/100GR 48 ORG IF..1LVL 1k0000 300031._.0C0 3C00.C00 3973.1 -33.42 .721
1.000 3.040 542.971 3997.5 -55.50 .100 309.4 334.3 .2.2 332.M 3 1.0 319.1 3L3.S 1.241 1.25$
2.000 10.S41 94.863 2102.1 -173.63 .AAO 317.4 50.9 .559 990.2 3A2.A 3A7.2 3A3.1 1.429 3.4A0
3.000 1M.991 52.,50 395..9 -351.33 1441 946.2 *0.0 .194 305.2 373,9 339.3 13A.4 1.'7M I.533
4.000 70.348 33.335 911 0.7 -199.M3 .92M 313.0 . 54. 1.031 3M2.0 386.5 19S.4 397.3 1.535 I.9
5.000 *J.'ILL 24.149 :0 -31191 5• M173.9 1d.L 3.29: 3M5.7 393.3 402.3 409.3 1.30 3"'03

9.000 55.093 1147.1 -1..A14 .. 09 3M2.0 27.A 1.531 737.2 394.0 907.0 909.9 3.439 3.929
7.000 69.279 . 9.435 31391.3 M.3.62 .603 308.2 25.5 3.795 395.930.9 6 1.640
R.000 04.327 31.7M5 1332.5 -199.07 . 197 393.3 25.3 2.02 799.*l 4 133. 939.9 3959.000 313.325 9.MM9 1050.0 -395.79 .192 397.0 2.4 2..70 415.3 939.9 1.64

3.0.000 II.M79 0.412 139 .3 -202.96 .5MM 400.7 21*3 2.533 410.9 492.0 3.913
31.000 237.9C9 7.297 3149.6 -205.70 1535 903.9 20.3 _

7 9 5 -
S - 499.2 433.9 b.AMI

32.000 397.314 9.345 I10.3 -2CM. 31 .512 409.2 39.5 3.057 .,i0 . . .. -
13.000 177.210 o.693 1071.4 -030.24 .Sq 903.9 3M.? 3.35 921.35 927.2 1.9934.000 1 17.710 5.00 1 3033.9 -032.39 .577 490.5 33.0 1 .547 922.923.9 3.700

35.000 239.959 1.37M IO0OM. -233*MA .57? 4102. 37.4 3.812 423.3 429.8 1.703

39.000 239.133 4.1I1M 931.6 -215.413 .57 414.0 16.9 4.048 929.0 430.9 3.709
10.000 29359 3.2 U 959. -26.846 .572 435.5 36.9 4.295 424.6 933.5 3.713
18.000 "35.930 3.491 933.9 -23.017 .573 : 1, .M 1 6.0 .591 :25--. *0--• 7 l Th
19.000 011.093 3.215 932.9 -239.39 .570 433.3 15.4 4.840 4.4 433.7 3.720

?0.000 336.757 2.969 992.6 -220.591 .599 419.3 13,2 5.332 525.7 939.5 1.723
21.00 302.919 2.155 374.2 -221.56 .568 420.4 14.3 5.363 426.0 935.2 3.726
22.000 1309.6c9 2.567 357.0 -222.53 .5.7 4231.9 09. 5.650 29.2. 1.729"23.000 6. -2.01 040.9 -203.95 .566 922.3 39.2 5.91" 624.9 939.5 I *?L
29.00. 431.4• 2.254 95s.7 -22A.931 .!66 213.2 13.9 6.112 429.6 417F1 V.734
25.000 900.950 2.123 333.4 -224.32 .5I9 424.0 133. 6.424 929.7 937.7 3.736
26.000 496.231 2.007 797.3 -225.33 .565 929.3 35.9 8.673 929. 938.2 1.?73
27.000 525.592 1.503 799.0 -236.60 .56S 925.6 13.2 6.914 916.9 431.7 3.790
2M.000 552.035 1.R09 172.9 -227.25 .564 926.3 12.9 7.149 427.0 939.2 - .191
29.000 579.972 1.729 761.3 -227.94 .563 406.8 32.7 7.377 427.3 699.9 3.744

00. 000 6 9T-.9t 3.643 757.3 -ool INa.4 63jyr. l t.57. 990.3 1.79
31.000 034.586 1.57 7139.3 -229.34 .592 423.3 12.3 7.319 950.9 1.797
92.000 444.285 3.503 729.3 -229.73I .592 423.7 32.3 .00, 9 ,,40.9 3*793
33.000 . 9. .772 3.933 720.2 -230.25 .592 929.3 12.0 3.842 993.2 3.750

:4.000 731.1.1 1.367 711.1 -2)0.76 .53 421.3 11.3 3.615 441.4 3.751
95.000 7.5.252 .70 7 72.3 -271.246 .561 530.3 11.6 9.909 51.9 1.753
36.000 799.370 3.253 493.3 -271.7) .491 430.3 33.5 9.130 492.2 1.75497.000 333.94,0 3.200 OTS.? -212Z.39 .461 933.2 33.3 .9.52 942.9 3.755

58.000 368.375 . .352 477.9 -252.62 .563 983.7 31.2 9.723 590.9 1.759
39.000 9C).335 3.307 670.4 -273.04 .540 932.1 11.1 9.993 993.1 1.753

90.000 973.439 31486 44.3. -273.95 .'60 912.5 10.9 10.242 993.4 1.799
91.020 904.029 7.2. 459.1 -273.M4 .60, 452.91 10.M 30.S28 993.47 3.60
42.000 3O19. 70 .590 1499. -214.:2 .540 433.3 30.7 0.793 - 99.0 i.61-
43.000 3055.793 .96 942.8 -239.59 .540 933.9 30.9 33.055 49.2 1.792
4_.000 3033.832 .924 434.5 2739.94 .S90 939.0 30.5 3.9315 49.1 1.141
95.000 3338.073 .19430.4 -235.21 .560 ?39.3 30.9 33.575 499.7 1.19494.000 3359.33? .349 42..5 -2115.1 .55939.7 90.2 .3.42. 399.9 3.704

97.000 4110.635 .380 610.a -215.53 .559 939.0 30.1 12.0178 45.1 1.765

99.000 122.2301 .315 437.2 -279.24 .959 435.3 10.0 12.327 -95.3 3.79999.000 3253.879 .792 407.3 -294.55 .55 1 935.6 30.0 32.572 995.5 3.747

'0.000 3•"99.72 .769 402.5 -279.89 .559 095.9 9.9 32.811 495.7 1.764

6.591 68*0.0.6 9 I73.5 -353.21 .603 537.7 25. 1.145 338.7 3895.4 910.4 413.3 1.533 1.936

407 F735•G 887894375I B

CA 57* 0)352.5 Fl/SEC

EPSILON NC/N P PSI, •EMP ENT-ILPY CP CAL/ I OPT OE18C 01L404C 3 SEA I AT I AT I 0AC CF SEA CF VAC
r 3 U 13C00l48OG. G. D06G _ LL 130000 50000 I.VL

1.0C0 3l00.co0 7971.3 -13.42 3.620
.0 .19 962.240 &9 _).10 1.4 ,f 1 1I;+ 41. .!, 110 1. 1 3.1: . 9 22.' 1.242 1.,2?

7.00 0.911 . *27 79 395•9.3 -21.3 o.4 40 9.1 32.4 3.32 .90.5 9 3 0.4 1.7 35 1.9:33.000 •88 .6 1•?., -I6l. 4 . I 1 353.z ,9.) .180 191.1 1•. 012 016 150 1.|

4.000 '0.70 I 4.450 2316.5 -112.4 .760 913.2 40.6 2.079 400.) 904.9 0 '19.. 1.5 42 1.993
S.000 l.)P a• .t 9191.3 -14L __ .701 3#6.6 36.) I.)I5 405.1 411,3 42. 4*.8 1*S2 166

6.000 44.442 32.S03 3763.8 -239.79 .301 535.4 29.0 1 .539 0.:91 490.3 499.4 i.'I67.000 55.82? 17.9"11 ,I95. -:a.| :, 94. 1 ,. 1:.02 0. 1. •. ). ~• .0

0.000 53.953 10.A4465 76S. -21/.9 .690 910.3 27.7 2.059 020. 7 993. 0 4. 9.4 1.7369.00 17.56 .11 1700 -•619 ,0 1|. 1+, 1.3 ,Z* 4+ *4* |?

310.000 g13.0s)17- .6V If1.2z1.-Zo98 .) 19.A..4k± 2 ?j.jj 2,El----8 -4 45. 3 990.0 1. 1.733

32.000 323.055 3.324 3430.7 -27.95 .433 429.3 29 7.330 49.9 992.3 0.792
L33000 339.964 7.232 3593.7 -270.73 .407 429.7 24.5 3.401 493.5 49453 1.750
13 .000 359.777 6.9:3 3523.2 -277.29 .401 932.3 23.7 3.927 949.8 459.3 1.725

3 5.000 301.282 5.030 3482.9 -775.60 .5599 39.7 25.0 3.937 950.9 957.7 3.763
34.000 188.076 5.737 3497.0 277.79 .596 6.0 22.3 4.399 992.0 459.3 3749

31.000 215.095 4.M793534.L_+-279.49 .55493M1.7 23.7 4.454 - 952.9 940.5 3.775
39.000 222.384 9.503 1374.0 -293.45 .593 940.5 23.2 5.704 453.7 993.7 3.77M
39.000 239.385 9.378 3355.9 -293.35 .939 442.3 20.7 1.90_ 454.9 96290 1.733

20.000 257.237 3.337 3729.4 -299.45 .597 393.7 20.2 5.39M 455.0 443.5 1.7M7
1:.000 271.320 7.692 3305.0 -294.13 1505 995.3 35.3 5.17. 955.5 994.8 1.793

13.000 267.493 3.342 3281.5 -297.40 .643 999.4 35.9 5.758 995.5 465.7 1.799

23.000 338.3695 J+ * 3LIL6 |-40 * 75 .5i±At 641..6 l.0 6.0)7f 959.3 499.6 1.757
14.000 331.200 2.947 1329.4 -245.95 .590 448.3 38.6 6.3.111 96. '9 69•.4 " .600

25.000 190.749 2.772 3220.2 -253.07 .519 449.9 39.5 9.599 959.9 943.2 1.303162 000 382.912 2.S93 1203.0 -252.34 .577 950.5 33.0 4.199 451.1 498.9 3.069

27.000 414.929 2.973 3184.3 -273.39 .574 453.9 37.7 7.342 457.9 969.5 3.309

23.000 324.377 2.345 1137.4 -259.10 .515 952.8 71.4 7.210 957.5 970.2 1.333

25.000 498.562 2.229 ,1153. -255.03 .573 553.1 2.1 13.975 957.7 490.8 1.133

80.060 47-0.915 2.029 3136.5 -255.93 .572 959.5 19.5 7.93--... . 457.3 971.4 .81l --31.000 493.130 2.029 3322.0 -256.73 .57' 455.7 34.6 0*391 957.9 473.5 1.393

22.000 535.410 3.90 7103.1 257.50 .570 99.0 34.4 8.44. 45.0. 472.4 1.?20
75.000 571.660 3.840 3059.3 253.29 .599 945.3 19.2 0.607 993.3 412.9 3..22

36.000 555*844 3.74 10032.0 -258.95 .968 957.5 35*.9 8.927 453.2 477.9. 3.929

55 0 82 .043 3_.73 ?80 IOM.±L259.49 .56 450.3 35.7 t34161 453.2 473.9 3 1.325

11.00. 6C4.01 J,195 140, 1. - 60)6.l 6 5. 5}q*9 s* .2
ll.•*000 1626.01 4*1 1,01:6. -,19.091 0 156 491:4 15. ':.615 4 1.4./ .2

•8.000 ~ ~ ~ ~ ~ 4 15.4 6.3 105. 45:6:*65'O0 52 ~e 468.2 .3

) q o o 6 7 0 2 i * 7 1 0 2 9. 9 - 2 9 2. 2 2 . 5 6 4 5 4 0. 5 1 5 .0 30 . 3 59 9 75 . _5 - 1 . 93 0
0 .1097 -292.93 .569 443.1 34.8 10.438 475.9 9.833

44.000 730.4'C 2.365 1905.8 -245.33 .590 49.0 13.5 32.2103 97.9 3.893

97.000 857.31.7 1.335 5535 29. 3 190 .560 9469.913.3 12.390 ___ _ 478.2 3.390
48.000 925.674 3.00 943.4 -269.79 .55' 44 3. 7 32.646 978.5 .33 -

17.O01 80.456,C 2:1.19 96* - .1:14 .161 413: 1:4.1 141 -1 4?. 1.809
6*00 868. 1 .151 &0. -16.8 .0 6. 13. to11 . 17.¢5 1.041

29.0*00 446.S62 2.; 9110 515 _-6. 3 ..... •4. 1 ,71ý1 3.5t11 12.190 .... ... 48. a .0

95.00 0 0 . 35.3 -297.22 .559 995.2 33.9 32.993 473.9 3.399

50.000 9 3.317 1.017 92033 -27 ..64 . .. 1SS 9 4 33.9 13.234 979.3 .1845

8.026 68.059 39.69 3893.7 -732.04 .540 930.9 30.9 2.089 930.9 939.9 937.5 993.0 3 .991 1.699

69.7" '1 9UG9 .184e2439 ý.l
':0 j 25o N 1 ..



PMSESURE PROF ILLE DATA -

SYSTEM LICUID BIPROPELLANT PC 1000. PSIA
r _MPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCAL/FORM.WT.)
85.2 F2 1.51 -3.47 95.
20.4 H2 0.071 -1.887 5.

BULK DENSITY I .750 GM/CC
MIXTURE RATIO * 19.000 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE OkTA

CHAMBER ENTROPY_ 300.44_EV/IOOGMS-_

CHAMBER __ ---- THROAT

FROZEN EXPANSION
PRESSURE, PSIA 1000 3980.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 540.5
TEMP, DEG K 4893.7 3883.9 3067.8 2408.21875.8 1615.0 1447.2 1105.3 837.3 631.6 475.9 3S9.1 4195.8
ENTHALPY i-) 13.36 59.60 96.21 125.05 147.61 158.33 165.10 178.53 188.75 196.47 202.30 206.67 45.41
Co .4619 .4533 .4431 .4305 .4160 .4066 .39979. .3859 .3770 .3740 .3742 .3745 .4561
IMPUL OPT 200.56 268.46 311.70 341.74 355.13 363.33 379.06 390.61 399.12 405.42 410.08 166.99
IMPUL VAC 297.32 325.56 350.31 369.17 377.85 383.23 393.63 401.32 407.03 411.28 414.46 292.54
EPSILON 1.046 1.551 2.634 4.701 6.657 8.569 15.756 29.095 53.955 100.526 188.366 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 1000 398.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 570.1

TEMP, DEG K 4893.7 4447.3 4051.8 3689.6 3342.1 3137.0 2983.7 2-57-0.4" 2086.0 16-9.5 1306.7 1018.5 4614.3-
ENTHALPY I-) 13.36 61.91 104.71 142.62 176.18 193.87 205.76 231.41 252.72 269.80 283.32 293.91 43.71
X BAR 5.780 5.592 5.425 5.279 5.156 5.097 5.062 5.008 5.000 5.000 5.000 5.000 5.663

N 5.780 5.592 5.425 S.279 5.156 5.097 5.062 5.008 5.000 5.000 5.000 5.000 5.663
CP 2.1157 2.0123 1.8175 1.5508 1.2218 1.0131 .0606 .5293 .4089 .3915 .3748 .3620 2.0612
IMPUL OPT 205.51 281.90 335.33 376.35 396.27 409.11 435.53 456.31 472.31 484.61 494.02 162.49
IMPUL VAC 310.13 349.32 385.55 415.93 431.16 441.03 461.08 476.07 487.50 496.26 502.93 301.52
EPSILON 1.078 1.744 3.264 6.462 9.734 13.087 26.320 51.129 98.707 190.280 365.450 1.000

COMPOSITION SHIFTING IMOL/100 GM)
18.86 F .9662 .7422 .5443 .3722 .2275 .1575 .1152 .0494 .0397 .0397 .0397 .0394 .8265

-64.50 F.H 4.0335 4.2577 4.4556 4.6278 4.7725 4.8425 4.8848 4.9507 4.9603 4.9603 4.9603 4.9603 4.1734
.00 F2 .0001 .0000 .0000 .0000 .0000 .0000 .0000 -o--- O-- O--6--"O--.0001-."OG-

52.10 H .6331 .4823 .3462 _ .2261 .124.7 .0764 .0479 .0061 .0000 .0000 .0000 .0000 .5394
.00 H2 .1468 .1102 .0792 .0532 .0316 .0207 .0138 .0018 .0000 .0000 .0000 .0000 .1238

-72-



SYSTEM 034030 EIPPOPEI.LAO3T PC 1000.;SI
cCOMPOaNET TAM FORMULýtA D'", r, NEAT FOAM RI. 8/8

A i GM/CC 3MCAL/PUAM.9T.3_
05 2 F? 315 -TT 95.

20.:4 "1/ 0.1 -v, E 5.
EMO/PO EMPANSIOT"
C STAR ?.?).I FT/SEC

E263496 PC/P 8 SIA TEMP NT4AOP7 CP CR32 I OP nFt/AC 14-OC I SEA I ATI I I IT ARC CF SFA CF VAC
Oto . ""CRL/1223'. 00 Ut -- 4 3 1903E_ OPQO9 LAE

3.0.000000 4A9. -3.3 .56'_ 2 41 "

3.000oo .9o 5,0,.248 22T74.4 -31 '0,TN .. 21 379.01 35. 5 .706 144N8 341.9 054.0 955.2 13.404 1.2
4000 13.44 03.83 00 .l -342.04 .42/ 134- /1:" 4.4 EO.N 05ll.8A 1,3.10 3144.4 3.510 1.5'10
.00 3.00 22.T 132. -965 114 1.4i 11 L4. .65 5.7 503 N9 310.N 3.523 3.9T

5.00 ,A212 30.319 3N39.0 -355.32 .4095. 21 . 3.390 15. 303. T.0 1.4 1.52N 3.03

90.000 3071.92 9.204 3130.51 E6 .39 36. 390 209 30.1362 .S';4" 7"4 ,1:l :, .1 I' '". - ..
10.00 21.05 .84 332. -33.A3 .90 NT. 3.45 .3 M. 0. .6

1300 34.3 .143903 -'d 3A 30.0 1. . 33. 39T .1

3...00 21.362 3.8 30 . -3:1 80 .386 319.4 36.5 0. T"1 38.5 393. 9

31.003 1)3.2, 3.530 398. JT.0.35 30.71 340 3. 90/ 01.: 1,14. 349

39.003 171.S35 2.961 3030.0 j -339 A.3 393.0O 331 2/14.6 34? 3 O

iO.000 Z.-40 2 -003.1 -38.4 .- 9 380. 32. 6. 089 34. .0
23.00 l'..25 4 2.SIN 113.3 -336: 30 3.13.,.6$303"9.l.3
22.03o 2.S 213 950. -3oo A, .30 958 2. 23092 393 313

2300 62.00 2.3o 93.0 -305.3 .:00; 9 6. 32.0 5.0 ::;439.1,.3
26.0 0.9 .0 3. 0.4 .7 M. 3.0 .0 0. 9. 3.3

26.03 53.33 3.54 10.2 -30.09 .319 3883 3.5 59030090 09.4 .12

26.00 50.53 3050 03. -30.0 . IS 39.8 33. 4.32 03.4 oOO 3 .123I90
2T.00 19.60 .04 44.0 3~7N4 .00 30.0 3.3 0.34 13.7 40.5 1.121

-000 424 ..3 82... .3.3. 31T 9. 0. .0 4331 3.2

"33.00 I .. 2 .3 3. -303.45 .0 9S03.4 3. 0 400. 3133
02.00 024 3.44 ;4.1 .9 .76 123 3. .00 0. .0

10.32 74.4 3.W 9.. -4.2 .7 9.43 03 .7.,-4 310
-0.000 o,S,0 3.-0 T1. 333 70 30.90.0 0. .11 . -:!

0-.00 96.30 3.0 02. 30.4 .15 OO .1 0?"4 .2 3740

4 3 0 0 3 7 . 5 / .4E ,. - , . 3 . 0 3 5 0 9 2 1 4 0
4 

6 .. 4
43.020 ~ ~ ~ ~ ~ ~ ~ ~ ~ : 3.434 .3 040331 30 9. . .0 3. .4

'2.03 333. 4o.-3 792--35 .37 294 0 0.3. 0.04-.0324

"AP
3P1.70I 33 -. A . I4 "'.L5 33 C3. 175 10. 1-1 .3 005.3 I7.A044Cý%C F I

-4.0,0 33.3.43 I '73,3. -3'3 .043. 4.0 0 . '133 " 0-:.3 .4
4 5 . 0 4 3 3 2 . 3 . 0 2 4 , . 2 3 .8 4 1 . 0 0 9 4 . , . 4 3 ¾ n 2 3 . . 4 : .02
04.00 1/3.41 -MN 30.3-33.43 10407. ,.50.OO 40.74 .06

.00 4 3033 023 .043 402. -343 ;M!0 09. 4. 30 0 .3 1 3.04
44.000~~~~~~ 313.0 .04 666.3 4343 .147 . 1. 333 003 3.5

C~:1 610.0;5.0001
(06305 000 PP'A774 063. 4'0 06033 07 33.8 Olo00 6/A 331 lAO . 6Z C .f SE 1F

LI ~ ~ ' 80,A:/ 11:1 02-~3 3 - 0 0 3
3-0-.3.0 40.1 -37.30 :.1.5

: 3 . 0 01 3 , - "7, 3 , l . - 0 . 0 I. 4 :42 . 3 3 3 0 . . 0 9 . 3 3 , ý 3 0 . 3 3 3R .4? . 1 .

2.0,. 0.34 32.344063 -33 .13 3.63 -294.9 43. 1 53 353. 117, 45 ,- . 3.01 .7"I1. 11 1.? :'ý _:1.20': 440. NA93,. 383 .4 2. 36 .00 7. 3. 9. 0. .3 .
1,000 .,. N336133330 (40 790 0. 0 0. 30,.? 14,133.1 35 .23.4

o.0 0 0 ~ ",:, 131 1o- 3 7 3 .41 -3 . 9 3 3 4 0 .3 1 0. 2 . 5 91 40 4 6. 0 4 3. 4 20.3 I . 2 , 0I.:
33030 7.. .3 0o6 -.. 0 . 0,0Zý 0 1. 2.0, 60 840.8 405.0 I .0

37.000 1" 3-39. 0..2 270. -135.00 .125 439.6 29.5 4.3016.9 003W.6

3902 34.73 4,00271. 230 .48 0 .42. 23.6 3.40 4S.8404.1 04.9 3.5

23.0011' 38:2 .2 1 2 -2069 .:-1 67.5 20. 5.T 92.t46.0 65.3 3.9046

2300 23.0' .7 404. 22.0 .583' 090.8 2. 465440:.3 45.439T
14.0 20.<4 .7 27, -2,2 5 3. 2. 4,88 640 .4 450.1 3.981." ":.3 4 2 1,, 4.2432 2.3. -22.63. 59 8. 40 430 0. 5. .0

36000 21.7.l I7 .04 25019, -200.99 .5604 635.3 25.0 4.306 449.3 94.0': 3.890

2700. 260,344 3:0G 2652.C -721.29 .522 494C.4 25.0 6.541 450. 443. 1.94

28003 27 16:7.4 2:20.1: -270.54 .3 -63.1 25.3 0.040 45. I4. .9900 2-.030003 2503. -24.3 45 4 38. .4733 5 .4 4.5 3.903

1300 34.84 8,4 243. -249 4544 43. 24. 0.345. 47045. 0
33.00 1 0-7.5C4 2.494 2408.3 -283.0 .483 46. 20. 0.321 452.3 44. 393
3.,003 31.7 2.00 230.2. -243.4:2 .4 044.3 23. 8.8 45.9 4L.0 3.914

1 .03 17 . 3 2 2.04 20 4. -2 0 0 9, .4 0 4'4 5.0 2 3.. 0 8.4 2 4 6 5 . 4 81.0 3.9 3 9
34.000 39.4 .600 234. -243.90 .450 450 2.8 83 - 459.5 47268. .2

01 009 I0 4.0 4 2.9 3 12323. -2 42. 88S .4 47 948. 2 . 9 3065 .1 4492 3 .9 2a
38.000 11 42305 213T 2306.2 - :2484 44 4. 228 000 453. 449.0 3.920

09.000 40T.0C 2.248 225. -244.44 .*'40304.4 22.0 9i.102 -S 410. 3.:
40.000 65.695 2.0 224.3, -245.2 .O 4 4. 23. 9 ...T. 650.3 00.0 3.903

42.000 684.123 .3 2.0 42230.2 -244.73 .430 A450.0 23.N 37.9536- 4T59.3 6T2..996
48.00 500.303 2.000 2/32.9 -?2:01.53.42 4 53. 23.0. 53 45. 482. 3.938

46.300 54.0 5 3.21333 -4.8 .3 453.3 20.0 3380 453. 07.5.4

97.19 0 69.0 30 6 333. -9.1 .0130 394.3 94.3 2.374 806.8 460.8 421.3 431.2 1.628 1.169



SYSTEM ~ PKE..SUlnPAOFILE DATA- - --

SYTE LGUDBIPROPELLANT PC 300. PSIA
COMPONENT TREF r-ORMQLA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCALIFORM.WT.I
-45-.2L F2 -1.5 -3.47 75.__-
20.4 H2 0.071 -1.887 2S.

OUL-K DENSITY * .-249 GM/CC
MIXTURE RATIO *3.000 LB OXIDIZER t LB OF FUEL

- -- - .PRflEU5VRE0"FI1.E DATA -

CHME-NRP-3.9EUIOM ______

--- CHAMOER THROAT

- - - _FROZEN EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.t6 14.70 1.2.20 5.477 2.460 1.104 .496 .223 .100 162.5
TEMP, DEG K ? 341.9 19)2.1 15481.4 1?83.9 100,~0 103. 82. 660.5 526.1 418.9 333.5 263.6 2022.6

ENHLYII 30.25 79.06 119.17 151.89 172.68 178.33 199.57 216.55 230.01 240.85 249.39 256.33 68.44
CP 1.2126 1.16?? 1.1225 1.0752 1.04115 1.0421 1.0208_ 1.0091 1.0054 1.0033 .9977 .9909 1.1764
IMPuL OPT 206.06 278.12 325.29 352.00 358.91 383.79 40 2.57-416.93 428.03 4.36.6? 1443.4Fij8Z.26
IMPUL VAC - 322.7k~ 3*6.87 3-74. 39 390.45 394.7_ _410.62 422.98 432.63__440.20 _446.12 450.67 320.32
EPSILON 1.019 1.377 2.t28 3.061 3.459 i.768 9.771 16.736 28.901 50.5242 67. 115 1.000

SHIFTING EXPANS ION
PRESSURE. PSJA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 162.8
TEMP, DEG K 2341.9 1943.8 1593.6 1294.4 1.097.2 1042.8 835.2 666.5 531.1 422.8 336.6 266.S 2034.1
ENTHALPY 1-) 30.25 79.20 119.54- IS .49 173.43 179.12 200.53 217.64 231.21 242.15 250.76 257.74 68.43
8 BAR 14.391 t4.377 14. 315 14.374 14.374 14.374 14.374 14.374 14.374 14.374 14.374 14.374 14.378
N 14.391 14.377 14. 315. J4. 374 14.374 14.374 14.374 14. 374 14.374 14.374 14.374 14.374 14. 378
CP 1.3007 1.1861 1.1256 1.0766 1.0491 1.0426 t.0208 1.0090 1.0051 t.0032 .9972 .9908 1.2063-
IMPUL OPT 206.36 278.7t 326.09 352.92 359.87 384.87 403.74 41,8.18 429.34 437.97 444.86 182.26
IMPUI. VAC 323.43 349.77 375.42 391.56 395.86 411.84 424.26 433.96 441.56 447.53 452.30 320.96
EPSILON t.020 1. 319 -2.131 3.065 3.465 5.779 9.790 t6 18770 -28.963 S0.358- 87.372100

CO-kMPOS-ITION SHIFTING IMOL/lOD GM)
18.86 F .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 -. 0000 -. 0000 .0000~ .0000 .0000

-64.SO FoN 3.9474 3.9474 3.9474 3.9474 3.9474 3.9474 3.9474 3.9474 3.9474 3.9474 3.9474 3.9474 3.9474
.00 OO.0CO .0000 .Ocoo .0000 .0000 .0000 .0 Oo - -. 666,.0000 .0000 .0aw u -. wuuu -5uu

S2.10 H .0323 .0044 .0003 .0000 .0000 .0000 _ _.0000 .0000 _.00-00 _.000_.0000_._ .00 DOTS
.00 H42 10.411010.4249 10.4270 10.42711.4271 10.4271 10.4271 10.4271 10.4271 10.4271 10.4271 10.427110.4234

.74-



SISIE I 303 I 30363N IC 300 I05ol3*. L,,II

CONPN6I.TI lATE FOML 66500 N EAT TORNý Al. 0/0IK
TROIROM EXPANSIOOA

C $ITA I N 0 1 "16. 6/6
6263409 6033 I 053 I 60 I 53A .L- CI' CL.l I PI OLIAC. OEVCftl. I ' I A? I~ .Alo I vAC CI SIEA Cf -66

I.000 l00. Coo 2351.9 -0.25 I.3

I .000 1.016 302I ý 12.52 2.o -8.541.1 1N. I'.3. 04 E. 911.0 311:.9 120. 1.28 3.5
2.000 12.$"10 2.C 3 1!.0 7IO. o 1'0R 320.1 l 60. 1' 131 1445I.8 15.5. 36.. 101.8 1.13 18 I. '512

s.0C 31o N I.5 I 73.2 -3 .4 I .3 36. 32 l I I ' .9 340) 3039 10. 1 .5I.'

0.000 ~ ~ ~ ~ T 00.0o 0.2 R 203 .1 9.4 /0. 4020.053 611.4 3.3

3.0 4.,0 323 102 -/00 4.1 190. 20. '.10 4~ 101: 3.64

3200 30.00 1.32 01.! -02.3 ,.008 00I.5 3. I cI. ?, -01. 020.0 3.600
13.00) 10.. L.596 5)5.l :,1-2/0 1.20? o40.01:.1 11.0 4 /. .6

34.0o 1.4 10 1 1501 -l2/51.051 1 .00 03 l2.6 . 1 2.1 40. 366

1I~o.20 1/61101 1.005 2530. 1 -2/.0 1 .2 0 51 5. 1601.6023.0

30.0o2~ /0. I I.0 51. I0o 3.0 0. 54 14'56 11.9 1.0I ýI30.30 44361 '0 1 250. -024 3.0 511 : 4 410.! 10. 3026 414. 1.005

,20. I'll s/ 04.. 46. -.05.2 1 14.205/ 01: . 3 10.O :06. 1.1

26.00 o 0 s .0.10 -s.4 -/'5./ 1 .00 I /. 132I.5 4) .

/6.030 50.o1553.6 -0.0420 /. 252.00050:2
,0.00 50.33 . Ss 43 .0 -201.65l I1 .. 4 . 0 2. /0.6. 3.4 02

2000'o ,2 2I /. /03 .23/ 24/.6 40. 3./
/9.00 628.50 .03 51.3 -20.0, 1,20 5/.0 3. 3 '1R3 501 ./

35.00 -I32 .30 30.3 2 /5. 1.2' 41. 32 I o 5.3

3~~~~~~.000 ~ ~ ~ ~ ~ ~ ~ : oSl .05 30.1,.s .3 430 ~06.l 6. .0
00.OoO"l 40. . 41430. -/:3 3.4 ) . > 3. 6 5 . . 3

-0000.1:3. 30? -053 0 1. 05305 -440. 3.40
oO.2 0,.o 5 033 00. -25.53 3.00 53.0 3.5 3~5' 5.l.0 .44

403010.2 I06 364 -0.3 3000. 25 3.0 0. .

1 4 4 5 5. 5 01 4 6 - 6 4 5 . 1 .0 4 3
W U 3 3 0 Cý CAL/ I, . 3[I - C is . I .'. I3A.I0'5C

2 C 50*1 3.0103

I4 '1 1 2jo :8 2' '1 : 'T 4 2 -.1 - C , I T ~ "
I/.- 2303.0 2..20 2,3301 4..3

3.0.0~~~12 3.4 0.342s. .. 3 326 16. 3. 80 60.:3. 3. 3. .7 .0I. ý.III'' ' ' 1
2.003 30./ol 23.330~~ 300. -0.5.N 12. 50.0 3. Io 6. . 755.5 300. 30. 30' 53.020 36.43 35 04 33.3 .10220 3.53 33.2 0.3 .563 650. 66. 6q. 4193. 3. I .2

'I:0.00 04.2 I 1 1-2 1 3 -2?02 3.33 60. 26. I.0 .o. 53. 3.600

II
33.00o2 ý1.323 2'ý ' 12..5 1.s. -300.3 360 103 30. 1.23 :3. .0.6' .
32.0/0 3,0.3.0 3. L6 63.5 -230 3.00 0.1 3. 1.3- 40 4 4I0.? I.65

.30/ 30.600 3.-12 533.3 12- 3.006 43.01 3.8 1 3.20 52. 3.653 1:ý :1
3400 /32-441 353 5.2. -1 2.2 3 .00 43. 30. 3200 460,

3 0 .0 0 1 0 5 . 0 . 1 5 0 . 0 ''. 0 1 3 .0 0 52 31 .0 3 4 . 340.25 4 31 .0 0 5

21.Oo-D 30.338 .- I5 407.0 -242.103 3.005 4/2.3 34.52 35.380 566.0 3.330

326.00 , 2 3.36/ .o0ll 440.4 -270.43 3.O20 426.6 11.3 23.53 sSO.0 3.1120

30.00 532 .556 43.6 -203.60 3.03 0206 l.3 1 2.40.345 440.: 312

21.03 63.4 145206223 1.003 0129. 12.2 24.?012 443. 3.0/0

33.00 002.306 .60 4331.3 -293.52 3.00) 433.6 33.0 20.555 45. .033

02.000 00230 11 56.8 -256.35 301 431.3 33.7 30.400 440.l 3.03
3 3 .0 0 0 . 0 440 9 0 0. 01 -2 56 .3 0 3 .0 0 3 0 0 3 .6 3 3 . 20.33 50.34. 3

35.00 1 1 3.503 .003 333.3 -24/0.41 1.00 432.5 33. 30.03: '4 ' '.0. 1.030

36.000 50.03 06 136.0 -346.00 3.00 0035.0 33. 3095 s.5 3.0620.00 002.24 .34 65. -20.0 3.03 03. 33.0 33.055 000. 3.139

,0.000 1 9l.21. .0001 30'I -I:'4 240.03ý 3.0 04. 304 3.0 506k.2 1.06

44.00 on 3k11.218 .204 3156.0 -0.3 .999 636 .3 30.3 00.80 906. 12 3.4

45.000 3364.042 .260 35.1 033 99 3. 003.6 440 .0 .

40.000 326.5 .25 )46.6 -/40.00 _ .998 43. 5.9 6020 -46.9 48
95.020 326.43 .29 335 -5.0 .5 0. . 305- 41.3 1.,49

64.003l 1330. .225 700.8- -250.66 .030 590.9 9.6 02.0633 .01.5 3.361I
1.0. 20.41. 14-96 1090.2 -303.43 3.009 352.9 08.6 2.2 052W.9 364..5 300.6 30.6 1.383 1.532



PRE 501 PROFILE DATA
SYSTEM LICUID BIPKOPELLANT PC 300. PSIA
.0fj~T TRFIFRNU"__ DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCAL/FORM.WT.)
8S.2 F2 1.51 -3.47 60.
20.4 H42 0.011 -1.681 20.

@ULK DENSITY - .299 GM/CC
MOIXTURE RATIO - 4.000 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

4AMBfR ETPY 566.15 EU/LOOGMS

FROZEN EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.411 2.460 1.104 .496 .223 .100 162.9
TEMPO DEG K 2616.5 2137.9 1926.3 1575.1 1342.0 1217.0 1027.3 821.6 654.8 521.1 414.5 329.8 2445.4
ENTHALPV 1-) 26.03 75.83 116.64 150.30 171.64 171.72 199.86 217.62 231.60 243.09 252.08 259.20 64.67
CP -A. L791?OqIL.3 7 .9399 .9086 .9007 .81733. .8555 .8462 _.6432 .841S .8311 1.0234
INPUL OPT 207.73 280.16 326.19 356.16 363.26 368.87 406.25 42-3.09 434ý.54 443.45 450.31 163.36
IMPUL VAC 325.64 352.64378.98 395.64 400.10 416.55 429.34 439.31 447.11 453.24 458.04 323.09
EPSILON 1.021 i.386 2.155 -3.133 3.S21 5.893 9.997 17.122 29.546 S1.282 89.456 1.000

SHIFTING EXPANSION
PRESSURE, PS IA -300.0 134.7? 60.49 27.16 14.70 12.20 S.477 2.460 1.104 .496 .223 .100 165.4
TEMP, DEG K 2618.5 2404.4 2006.Q 1649.4 1409.0 1341.8 1082.3 667.6 6942 .7 51.9F~ 439.-4 350WO.-1 2509.8
ENTHALPY 1-) 26.03 16.23 116.42 153.33 175.75 161.87 204.99 223.56 238.45 250.31 259.76 267.25 64.14
8 BAR 12.119 12.052 12.C30 i2.024 12.026 12.026 12.026 12.026 12.026 12.026 12.026 12.026 12.064
N 12.119 12.052 12.0 -30 1 -2.026 12.026 12.026 12.026 12.026 12.026 12.026 12.026 12.026 12.064
CIO 1.4037 1.1537 1.0135 .9484 .9157 .9068 .8763 .6560 .6452 .6406 .6397 .6358 1.2069

IMPUL OPT 206.98 263.51 332.76 360.89 366.20 394.56 414.55 429.67 441.70 450.92 450.08 162.09
IMPUL VAC 328.66 357.13 384.31 401.46 406.09 4230 436. 31 4-46-.627 4547.70 410 6603 8
EPSILON 1.024 1.400 2.163 3.178 3.574 5.990 10.178 17.4S2 30.136 52.341 91.405 1.000

COPPOSITION SHIF TING IMOLIIOO GMI
16.86 F .0005 .0001 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 -. 0000 .0000 .0000 .0001

-64.50 F*H _ __4.21CC 4.2105 4.210S 4.2105 4.2105 4.21*5 4.2105 4.2105 4.2105 4.2105 4.2105 4.2105 4.2104
.00 F2 .60000 -.0000 0C00 .0000 .0000 -Fo65--.b666 o.-oob -.- 06

52.10 H .1861 .0516 .0C61 .0006 .0001 .0000 .0000 .0000 .0000 .0000 _.0000_.0000 .0755
.00 142 ?.?226 ?.7695 7.8113 7.8151 7.8153 7.8154 7.8154 7.6154 7.8154 7.8154 7.6154 7.8154 7.?717

-T6-



3337(7 ~ ~ ~ ~ 1 134033303..0 P 0. '$I,

0737667 733 33038 ENSITY NET ..30. ...
DE - GM/A!Li I KC6L1,3833.8.WT

;~~i~.#~4 I TEM 74 0 1 3 ._ 8 0 0 38 O 1

41. 42. 3.440.

loOO 24. 30 0Co . 213673.3 A -23.2 .84 02. 67 33443. .0

39.030 33.473 .302 426. -243 .34 12. 15. 1:33 603. 1.71

21.00 70.33 330 3030 - 36. 5 .40 27.7 14.7 1.1T2 042.5:.75
22.000 ~ ~ ~ ~ ~ ~ ~ 6 347..2 .73401 73 . 3 . 4 4 3 7 32 1 . 70. 3 3.72

23.000~4 IT.0 70 7. 27j .64 02. 9& 1.4 __ 43 3 5 3.15
-0.0'0li515).8 10.432.07739.35.3603630.538.3.50.9).9444. 1.713

2 .03 470.00 9.92 48 . -279.1 10137 .309 103.4 33.69 2.06740.0 .3

2400 56.0215 .502 4639.7 -2006 .34 021 33. 2 2.07. .3

,700 53 4.20 7.01 301.1 -20.1.41 .8643 032.9 3. 2 3.' 3.0 44. L.3
2T.000 40.04 . 4 532.95 -223A33 035 292.2 4.4 T.73"..1.00 A7.73 .501 , 0 1 53. -2420.7l .343. 1030.2 327 2.A 4. 3

32.000 47.33 . 60 500. -4.3 34 060 32. 2:7155 0438.2.1 3.142
33.000 124.025 Z.420 007.7 -265.37 .3 &40 07.5 33.0 23.06 44? 13. 1..03

1200 0700 74 000 IWT 7.03,4 .303) 033.5 33.932.0_444. 3 .049

35.000 1720.03 13 07. - .0 .,so 437.5 3. 0.5 1_ ,440.2 3.7646
36.000 334.33 .460 070?.9 -22.065 . 43 03.0 33.5 312.1.S405 4

12.000 33,0.3.4 J.20 W4.2 -209.08 .. 4000. 30. 06.433J.ý

o3. o 3247.2602 1.294017.4.1 -200.20 .1102 0 .93.21 6 3726 453.7 .5
40.000" 260..98 .20 433S -5.0 -231.304_ .38 _42260.2? 1630. 0.307 53.7 3.756
05.000 32.3 . 67 413.4 -225.30 .3462 4. 103 53.0 31.06 A4453. 3.

8.00 323.30 .20 4260 -03.33 .842 442.:5 30.343.0 0106 !

4713734 3314l

3.200 j0.:0 223. -06.07 3.0

3ý.000 ' 5033 I . 3333.2 -2(4.05 .876 304.6 23.5 51.236 43. -2.3 3.620

.0 0 7 . 7 3. 3 3 5 . - 2 4 0 .90 :60 6.2 24.5 41 4.0 3 7 43 . 3 3.6 5 2
0T.000 30.- .2 3. 204 36 43.433 70302. 3. .6
,40 .7 0 3 / .4. 2:34 0 - 2 . 3:37 0 0 0 0 3 0 3 7 30 3. 3 . . 1

37.74 33 9 ' 70.2 -27."3 .3 ' 422.0 39.3 33.02" 643.3 3.693

33.00 1.74 230 30. 250 .45 03.0 2 .9 ./3 42. A3. .3

13000 350.80 .0 432 -627.33 00.2 35.0 33.143 449.3 3.724

23.000 43.0-.2 3.4 2 48 .302 030.2 3.7 2023 45.0 3.324.00 47.7 .034 60.6 -2051.73 .42 372 34.4 23I.00,4. .7

27.000 5/.0 57 7. -208.34 .343 03.6 3. 7 366 45. 373

20.00 47400 .23 433 -3956 .343 00.2: 0', 3327.25402 3.7421000 33321 .64 530 1O2 .243 24. 3.10.2 8 _.d 654.6 1.T4 -9
3.000- 3I .7 .0 4 ; 54. -25.5 .0 402 3.3 6.4453 374

39.00 77.3 36 537 -5.0 .740l 440.:.4 32.3 30.6425.67 1.7560

33.00 740..37 .730 532.73 S376- .349 00. 9 2 .-3.5 -. 1- 0 9. 456.9 38 1.7538

37.000 ~ ~ ~ ~ ~ ~ ~ ~ I I2.( .3F T0. -230 .840 06.9 333 2.8044.2 3.5

43.00 305.0 .293 474.4 -26.66 .34 . 33. 37.73 45.5.6"0000 303.73 .33 47. -257.0 .307l 003.3 30.3 33.644 45.3 . 9.2 . 3 .7631

46.000 332.302 ..26 463.4 -257.15 .340, -44. 30. 6036 45.7 1.163:"
47.000~ 11253 .5)u.3 -5.9 .4 4.3 30;.s 61.130 36. 7 .3134.8 . 3. 33 3.2140

I:
I:O ( . 4 : 9 4 1 4"
I0ý I --,:ý .' ,:" ;:



PRESSURE PROFILE DATA
SYSTIL1.1JQUI 1.DiP0EiLLANT 11.ic40O -PIL. A __

COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

8S.2 F2 1.51 -.. 5

MIXTURE RATIO - S.667 LB OXIDIZER / Lb OF FUEL-------------

PRESSURE PROFILE DATA

CHAMBSER ENTROPY 1490.141 EU/ IOOGMS

CHAMBERTHROA!

FROZEN EXPANSION
PRESSURE, P$IA 5001.Q _1 31S.? _014_Q 7_1_147 1h*~9 2.~ 511 .. 0 111 .1.96 .223 . 10 631.4
TEMP, DEG K 3329.7 2761..2 2201.9 1871.1 IS90.5 1522.1, 1278.3 983.6 183-.5 822.2 .93.5 391 .3 2892.3
ENTHALPY -I 21.00 J0.011 t0, -JW ._6.06 198 --- 2-0,2 2LJWQ Z34.2Z_ ZtJA5 25.0,0. !09.20
CP .886%6 .84.17 .811.6 .1857 .7628 .7561 .1260 .7053 .6927 .6866 .6853 .6832 .81.75
IMPLJL OPT 2014.93 277.08 3VIJ.61 351.7T§ 358.85 381..3S 4.03.67 41Q. #.16 1.29.06 %.36.70 ki'.1..5 !180.s?.
IMPUL VAC 321.35 31.8.16 3714.39 391.00 395.1.7 4.11.93 1.2%.70 4191..62 4412.36 %k.1.81. '$53.16 318.811
EPSILON -- -1.021 1.3 2.!144.3. 1 S3 3.5S47 -5.950 10.103 M1286 2 1.160 5 1. 506 -89.552 1.000

SHI TLAEXA ý$ LON4 -

PRESSURE, PSIA 300-.6 1_34. I_ -60..k 27 .16 1..70 12.20 S.1.77 2.4.60 1.101. .1896 .223 .100 168.5
TEMP@-O(6 K 3329.7 291.7.5 2S6%1.. 21761A 1871:.6 004. 2 lk.7..5 1193.7 959.3 767.0 611.6 1.87.0 3053.8
ENTHALPY 1-) 21.80 71.26 Ills..I? ISO.19 11.79 181.1.0 206.59 227.07 21.3.59 256.83 267.1.0 215.82 58.11
X 64R 9,981. 9,03 ,75 __'q - 9 '"g9,99,9 9o.619 9.611l 9.677 9.617 9. 677 _9.67? 9.677 9.871

od9.981t 9.833 9.13S 9.6960 9.680 9.619 9.617 9.677 9.677 9.677 9.6f7 9.677 9.871
P1.; 1' 1.3937 A - 8402 ---l' Af~.Qjjl1.,?'.12. t .14.6-.;9-1? .6831 .6771. .6163 1.1.831.

IMPUL OPT 207.1.2 283.1.6 33%..97 361..81 372.61 1.00.93 4.22.56 1439.21. '52.16 1.62.21 1.70.08 177.7`2
IMPUL VAC 320.22 359.6) 389.1.0 1.08.11 41.1.12 A631.70 %416.20 1.51.51 1.66.35 4.73.28 1. 78.71. t321. .35_
EPSILON 1.031 1.1.17 2.303 3.386 3.811 6.1.56 11I.0A13 19.01S 32.890 57.130 99.618 1.000

-- COMPOSITION SHIFTING (MOL/100 GMNP -

18.86 F .0066 -.49l18 - OK ý000 Q0OQ .0q000 .e0000 .00_ J00 .0000 O .0000 .0000 .000 .0000 .0026
-61i.S0 F@H 4.41671 14.4?.19 4..117314 4.41`373 1s..171 .737 411r16.41737 4.4173? 1..1.737 Is..1.131 k..1.73 --. 14137 1..'.?I)I

.00 F2 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 H .6068 .310S .11S3 .0256 .0051 .0029 .0001 .0000 .0000 .0000 .0000 .0000 .381.0

.00 H2 4..9035 5.q04.93 5ý-4 .l90t9 %-Z0I1 5.29122 5.2036 S.2036 5.2036 5.2036 5.2036 5.2036 5.0129



6961614 LIQUIO 9,1P844PECC4N4 PC 9004 P340

copPONENI lai 7030ULA DN511Y HEAT F0ORM WT. 0/0
DEG P O/CC OR0400PiFRP.67. I

20 44m2 0.071 -4.6447 IS.

8P61C79N PLOP P 7644 lEMP"a AP P CAL/ I OPT DEE/AC 080040L SEA I AT I At I USC CF SEA u8 VAG

.000 30.02A39,tt QQJzh1 IAG-.1.5 --- -G.I w. 1-66-.VIi --
2.000 1G.1121 29.60 429.7' -418.3411 .7130' 1340Z9.9 .' II S4.'.0 0.3, 3S2.6 161.5 370.S .1085 4:.S9

s. 23 I.900 1S.813 1631.7 -161.52 . 66401..600.012.5003% II.6__362.0 180.7 31"9. 1-.305

.. 3 ........ ...... h:, 94 1

Gof I 342203 - -14 9 . F.-6 0 F 3 .2 0 . -s - 49 104 .2 .636

01G SI S g 5 h ý -. -19 . 69L 8 011. t9. h4 1325 0429.7 1.6925
..o .o 421I , I1 6 197 617.4 44.3 4.971 a. 61402 .9

.. 9 I040.9.,oIoýl 2ul 41.3 42.924 61. 0
.69 046. 44. ' 11.612 63.1.1.0 1.166

- 2 2 . 1 . 6 3 0 4 0. 1 6. 110 1 11 0 . 4.161 41 6

-220.20 .06421 2.I o 020. 7 04.? 9. 151 04:' 6.4 1.096
-220.13 .690ý2 424. 40. 47.602 16.3: 1.12

-21.3 .69 42o. 41.6. 24. 7a4 0;S08 1.692

.I01 11"' M21-234.40 .68 627. 431122S 0.6 4.402
-26.0 .67 67. 43. ::.02 904. ;1171
-21.1 .6" 42. 42. 21.0 ,04.9 4.113
-/44.16 11 ,T 1ý I 1 .601 420l.41 426 2. 6036. .,

-219.9 .95s r5.6 4.12.22.06 .0"-215.0 .69 444395 S�1 .21 421 21. :":Is 4;:06

21 0 1 ; 1 4 -z236.540 .68G 442 .2 4. 7 24. 96 166.3 4.708

012-237.94 .6.6 4125.1 441:462 04916
003 /0 .9 .40 -6.D -219.42 .9.96 44.42 4.1.d0 052

00.30, cc .2 14 0. -230.0' -.69 610.3 40.3 46..21 OO.1 1./So

04.000~~O 37.. 44 031 239 61 9.3 40. Is09 oo.1:6 7
42.0CC 4.42.226: .99 "'"0. - O..... .68 01. 42. Io0266.

0.00 441.16 .260 902. -0. 7 .68 01. 40. 4304449 .66.000: 4452 4500 .6 047. -24.40 s.? .1ý.4 0. 1 3. 2h60 4.1.4 4[.12

4 7 0 3 4 , 4 7 1 9 6 .2 5 0 4 2 . 4 -2 6 4W . 7 2 . 6 8 47 . 4c 4 0. 6 0. 96W0 . 0
020( 421 "I 6 009.1 -22.0 6% 647 4. h,16 00:1 - .6

4400 c20.2 .27 007. - :12627 .61470 9 ' i60 0. .

1.403 20.444 4 k.69 4069. -460A.09 .71 740 4. 2.69 348 4163h. 0.01 41 0 4.0I... .5 1: 21 ý 1:,11
665 I104 P01211 P OA lM.1 891 086 CA1 :,I:, . 3177 184 1 1804 I SE..lI44 490 C SA0 6

G6 C 40602 40000 C:O 07d I7 090C 400h608

49:000 4.786 46. 024 1007.9 -54.4 4- n 1. 7 469. .67 744.6 140.4 3220 47.s .20s .9

I.03o 46./S 46 1491.0 -46l7.4 .922 *1 4S6. 40.6 2.021662 100 463 60. .91.6

"000 24.26 V.4 12.7 -490.01 .7646 4944.2 IS4 06%?01..4%402

7.300o 4647 7.927 470." - 2457 17 001 2. .1 2. 3. .70r.00 64~.469 7.254 4I29.0 -24.9.12 t72M 440.. 10 2.4 7.30.7. 044 4.9
0.0:CC :023 2.92 4204.7 -224.84 .796 499 2. .74688 66. .0
4.0( 1 224.9:41 2 .7 43. -269 .7% 02. 04. 9.04 62.44 ;064 40

40.000 4930.96 1..196 400.9 -29.16 .70 4ý5120 0.. 419 .ý 2-93 5 4 . 1. 5 .002 .3 . 4.730

4DE0G P1.4 4.29400G 401. D.4 63 676. 49.3 40.94 ,0 00 0. 4.10

79.003 274.4440 4.40 606. -24.5 .09 019. 7 41.1 10SI 40. 4.7S1-41 -ý

24,00 14074 .ý:900 9246 24:;6.2 .60:"2 004. : 7IT h 8.1 011 0. 03. 1.3 5 4.760

24.00 3621.49 .426 3916167.3 -249.04 .690 660.4 46.7 20.47 060. 4.166ý:'

26.000 4 144 .63 60. -204j.52 .67 670 4.12.1 6. .77S

27 0 0 65 . ?13 .30 93 . 2 ý-20 .0 .646 607. 40. 21 .747111 06 . 4:6.77
24.00 0 1.3 3.624 1349.3 212 .69 044. 401 24.607C 660.3 477

40.000 -3.0 .00 70. -20.9 .491,1 600.o2 4d 40 : i .8 2629 06.0 4.792
440( 01 1071 - 0123. a~os .0 oT ~ o/T7Th - - - 6..9

0200 0270 .04 7109.6 -20620 . 66 ?Is4 46.6 27.943 636o. .0 1.720

30OO 6S91 .72 74. -0 .1 .087 "2.5 40.0 2.11.o 060.9 4.788
000 6024 .05 2 70.7 29, 4 1 68 to S 43 .44 19.. 6 067l s.2 4.7905

I6. 000 69.049 1.431 1739l.2, 2447 .692 606.0 47.6 34.4601 667.4 1.1. 4. I
74.000D 704.542 1.191 42D:2.9 Q 2S.84 .694 465.6 dI 43. ,329 668.1s 4.79

60.00' 2 944S.:20 .70'1 704ý.9 -26.9:16 .ý680 416. 43. ' 511 464. 479Z
4.000 81.7M6 .9504 700.4 -284.1 .614 456. 4291.416..798
02.000 674.95 .7 693.9 I -264r.82 .680 066.9 42.7116.946" 669.61 .74

21:000 902.558 .172 667.2 -262.27 .6 h.0 057 6 .4 2.617.44 4.90 .1

90.300 91339 . 124 2.69. -262.74 .679 60. 2.6 14120 .61s 4.607

98.000 4009 452 128 654.1 --2106.1 . 6679 45.1f 4.0 42: . 496 5_____ 67. 2 IT.502

63.600 c 4089.404 .27 t 6549.13 -266.70 .6786 609.7 4.41 .5071 449

1.389 2.04 446214884 '47.79 *.68 760.6 61.3. I2.90 4.4 379 003.409. 4 19 4.040
I s

Io s .t . A ,.

I1 12ID "



PRESSURE PROFILE DATA
SYSTEM L1QUIO 80PELLAj...C POQ. SLLA...... ..
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K . GM/Cc IKCALIFORM.Wi.)
85.2 F2 1.51 -3.417 89.
Z .A 112- - . . .- - - -.... -- -I

MIXTURE RATIO - 8.091 LO OXIDIZER / LB OF FUEL
PRESSURE PROFILE DATA

CHAMBER ENTROPY 425.07 EU/IOOGMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 300.0 $134.7 -64.9 0 7?16 110.70 _12.20 _ 5.477 2.460 I. O1 .496 .223 .100 163.0
TEPP. OEG K 3185.S 3130.4 2575.6 2106.8 1797.3 1711.1 1378.8 1101.9 871.9 691.8 545.9 $430.6 3216.5
ENTHALPY 1-) 10.42 64-.35 02.25 I3,33_ 153.25 )S168_9 179,19 19S.65 208.7* 219.IS 227.36 233.84 54.21
CP .7091 .6921 .6733 .6521 .6340 .6283 .60%9 .5S47 V5712 S5642 .S618 .5610 .6960
IMPUL OPT 199.88 270,04 316.16 342..6 319.$0 373.97 392.64 406.91 1417.87 1.26.321.32.88 176.614
IMPUL VAC 313.21 339.05 364.38 380.11. 38.75 1.00.65 412.95 422.4T 129.8S 435.59 440.08 310.82
EPSILON 1.020 1. 394 -. 153 3.13k 3.524. 5.907 10.013 11.084 29.296 !0.1h61l 87.267 1.000

- .. .. . ... .. .. . . .. . 5HIFTING EXPANSION .. .
PRESSURE, PSIA 300.0 131.7 60.19 21.16 1..70 12.20 5.4177 2.460 I.1O0 .496 .223 .100 169.1.
TEMP, OEG K 378S.0 5131!1.8 3065.2 2720.8 214419.0 2364.5 1995.5 16114.3 1537.8 1079.1 864.9 690.1 3518.2
ENTHALPY 1-) 18.%2 65.80 )07.56 1T%;.2 169.10 176.09 203.20 225.75 24W.20 2S9.15 27•.17 280.78 52.85
X BAR 8.370 8.18S 8.028 7.909 7.841 . 7.835S 7.85 7.799 7.798 7.79R 7.798 7.198 8.235
N 8.370 . IR5 8.028 7.909 76147 7.83S 7.805 7.799 7.798 7.798 7.798 7.798 8.23S
CP 1.9398 1.7063 1.17?3 1.122S .9o063 .198 - .6830 .6177 .5881. .5680 .551.4 .51.71 1.7781
I1PUL OPT 203.00 278.46 330.83 362.01 3R0.310 100.92 %211.68 413.18 157.61 1688.89 477.73 173.01
IMPUL VAC 3 S3514.86 387.06 407,94 413.S9 434.50 450.79 463.53 475.51 481.33 187.47 317.79
EPSILON 1.03I 1.4178 2.423 3.6S6 4.150 7.177 12.425 21.572 37.526 65.366 I11k.04 7 1.000

COMPOSITION SHIFTING (0IOL/100 GM)
18.86 F .0418 .0111 .0S8&- QO01N .0003 .0002 .0000 .0000 .0000 .0000 .0000 _ .0000 .0225

-64.50 FNH 1..61.24 1..6671 %..678S I..6828 64.6849 4.6810 I.s6812 4.6842 4.68w 14.6812 4.6842 4.68112 §&.6617
.00 F2 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 H 1.1015 .7552 .4540 .2193 .0977 .0719 .0126 .0610- • 0 .0000 ,0000oo ,0000 .8014
.00 H2 2.5844 2.71.52 2.8901 - 3.00S3 3.0655 3.07014 3,1079 3.1137 3.11.2 3.1142 3.1142 5.1142 2.7001



lopPOaLI? 90FORMULA DENSITY HALA 6990 WT. 0/0

DI4 X 1.6(0 cc 6IALI", M.0.

c It~0 A. - -9.W " ,

EPI<NPI P9-AA. kTIL, C CA9 M0. E2.1 0FL.61 ISEI ¶9.? . tS.L

-(26 .00 .6. .(. 31.049? 190.0[ It- .9
-106 .06 t9. 00 0.6 9.

9: 6 12 ~ i :11. 1( .-tO 20.996
2:'0000 10.193 2 . 1 21-.z I W (1. 1 :69.161? l 1ý: 1:' "'09 :"'' :"

11.00 19.76 5 - I 159 1 13.0 20I.6W.

56. 1-8 ý-Jk~l-369ý1 Lr 422f6 IQ 4*9 S2., . 1 1.1

M.c 0.1 .40,, ;o02 -2: 1 '0 .09: :20. I(I.0 21.H I:011

ý0.1 .062 10 , -222.0, .06 61.0 (0. 2 4.99., " ý 0
9.9221.659 ?.00 6oý.0 -"S2.62 .16 IV1.. 20.0 '0.9(6 62.0 .1

Oo.00 :09.;:,96 2 2.00 (. 20 .0612 922.2 10.6 9.1's9 602. ..

;I.000 (009.'06 1.2o9 001. -2'26:2' .0 2 61? (. 6946¶1 .

69.0CO 225.635: . 200 692 .6 -" 01 1 .09 90 .3- 16.6212. -029 6.. 0

60.0 1 (40111:;1 .0 U7.0 -220.12 .,62 02. 9. 06666. .0

10 6 : 2. . . 0 - 1 . . 0

(¶03=1 .12 06. -2.9 .02 92. .0:.6 9120.5 .6

2(.01 6000290 .04 4. (64 "1 14 100 000" .2' 0
1" 0 .000S t002( 3130. -FOtt)0 - __

0.00 (.71 (0.94 O~2 -02s.90 .1119 1, 1¶. (9.? 2.00 0.1 . ¶6.11. 0. .6 .19I1

Ir.0OD (0.02 (900 200"0.: -(0 .* 111. 1. 111" 6'"0 9- (.03 011.1 00. 21.%1 9. 02001 1 91. (01 (.000
6'.00' 21. :ý 10(29 1 1.699. -076.09 .9I6 ;19. 64. 02 ¶00 66 1 92.0: .6

40.060 621. ¶7 7.07H 68k.7 -(
9
6.A- - 09., 9' F

6
j r 9(9 0 6(. .

o12 06, 0(0 6 .0 : 9 . -0.2."19 -06.l 0"19 1 6.96 4 9. 2 (:.902
9.0 06'99 " .9 (00. -2(.' .09'10 ¶.0 77660 6. .2

(0.000 990 0 '04 611-91 -(.1 .016 6(. 2. 602 ':204.. (.

((.00, (0.912 .9l (7(0. 'I-2"21.t2 I02 1(. 299966(. 6. .6(200 (09.2,61 2.0 1 (990.6 -246.69 .9.20621.1 L6.(024 60.0 46.9:2

.09.0 401.4 1C..971I

00, 1 .(0 (.2-1 (60.71 -209.07 .092 607.0 221 0.01 406. .. 9

2600 264.000 0.220(1. 0 -16:.90. 0 1 46. 21:1 %:.191 96. (..

21 C u 2 9. 91 (. 0 0 I :2. 26 9 0 .09 99.02 11 9:; (9. 0 4 6 4.1 1.1( 0

2000 0091922 .119 26. 7 S 2:.0 .0o 64. (92 2(06 ,0. I
26.0(0 7C1.414 1.696 1260.1 -099.60 .06S 696. 09.7 22.S S490 35. 416 1. 2 M . (. 029153

10.003 9.909 1,. -2000 .10 6 1 %2 ?1. 2 R.90 969--11 . 24 ;:.96
1.0 66.( .90(00 -09 10 .216 601.0 00 . 17 29 .9.8 670. 12: 1 ::111

46.0 0 0.6 2 09 ((0. -20.9 12.72 40.2992.9 1. .6
S6.000 29104 .9 (21.1 -206.02 .07 40. 26. 2.20410.9 .4

00.00311 2000( .00 7 .1 -200.91 .000 600. 069¶.01k2.,.6
66.000 010.1(9 .020 1069. 290 09 0. 90¶.60 _ - 0. .

¶1.060 090.69 .046 960.1 200.8 .069 60. 0 901.6 1. .4

¶900 6(.0Z6?(0. 299 06 0. 06¶.9 1. .

92.00 7 .0 2 .6( (032. -26.9 .00 1601 20.1 10.09,1 _ 4 00. (.00

6100 0011 .10 9 1. -2364.90 .62 662.01 04.6 '0..2 609.9 .6
99.609 '11 21.62 .16 90.8 -262.2t .060 603.0 062.1 140 .6011 '% _ 591.2 ( .0629

29.000' 9 .201 .996I 99. -260.29 6 96.9-1 0.921 . 291.0 (.96`292
0.00.Co 920.069 .024 91. -29.1 .060ý 960. 06. ..0 41.9 016

9.909 20.906~~~ (469 2469. 0910 Z.99 6. 06 0 0 020 ¶0. 0. 0. .( .9I6:
ý2''1 :1 -211, 1 .1iJ. -20 1- 16IS1. .

IIA62 ."



PRESSURE PROFILE DATA
SYSTEM LILIUID BIPROPELLANT PC 300 PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM wI. 0/0

DEG K GM/CC IKCAL/FQRM.WT.-
85.2 F2 1.51 -3.87 95.
20.4 H2 O.Orl -1.887 51

DULK DENSITY = .750 GM/CC
MIXTURE RATIO = 19.000 L8 OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 314.39 EU/IOOGMS

CHAMBER THROAT

FROZEN EXPANSION

PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.411 2.460 1.104 .896 .223 .100 161.2
TEMPt DEG K 8597.6 3746.1 3030.9 2456.9 2078.2 1913.7 1574.6 1246.6 900.0 166.6 598.5 866.8 3923.1
ENTHALPY 1-) 13.35 52.26 03.90 109.53 125.7? 1 0.10 146.71 159.86 170.23 111.31 184.12 Io9.68 88.22
CP .4604 .4531 .4439 .8331 .8236 .4211 .4076 .3939 .3843 .178a .3771 .31775 .4583
IMPUL OPT 183.9t 287.72 289.25 312.71 318.79 340.60 357.00 369.U2 378.81 386.10 391.65 163.81
IMPUL VAC 287.41 310.12 332.82 386.89 350.26 168.30 318.15 382.90 3t9.16 093.97 399.11 285.56
EPSILON 1.018 1.366 2.106 3.045 5.418 5.683 9.560 16.175 27.413 46.868 d0.261 1.000

SHIFTING EXPANSION
PRESSURF, PSIA 300.0 133.7 60.89 27.16 18.70 12.20 5.471 2.460 1.108 .896 .223 .100 171.9
TEMP, DEG K 4597.6 8259.6 3955.2 3675.5 3812.2 9811.9 3154.1 2888.1 2587.6 2209.0 181f.8 1483.0 8358.1
ENTHALPY I-) 13.35 58.16 90.98 128.20 187.59 158.34 181.67 206.33 228.349 27.56 263.58 276.68 82.1I
X BAR 5.880 5.709 5.553 5.412 5.314 5.286 5.171 5.087 5.024 5.001 5.000 5.000 5.759
N 5.880 5.709 S.553 5.412 5.318 5.286 '.117 5.087 5.024 5.001 5.000 5.000 5.759
CP 2.5558 2.456R 2.2891 2.0581 1.8326 1.7602 1.4194 1.0595 .6799 .8282 .3985 .53h0 2.8923
IPPUL OPT 188.80 259.79 310.53 341.72 350.21 382.65 809.12 832.51 851.38 466.52 818.57 158.35

IPPUL VAC 299.9d 932.87 365.91 389.80 398.73 419.54 880.72 858.89 872.53 883.36 891.97 295.39

FPSILON 1.039 1.516 2.S58 3.985 4.579 8.450 15.812 29.511 53.526 94.892 168.055 1.000

COMPOSITION SHIFTING (MOL/100 .M)
18.86 F 1.0467 .8491 .6704 .5098 .398r .`671 .2430 .1406 .0675 .0805 .039r .0391 .9072

-68.50 F.H 3.9532 4.1508 4.3296 4.4902 4.6013 4.6329 8.7570 4.8594 4.9325 4.9595 4.9603 4.9603 4.0921
.00 F2 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 H .7522 .6078 .8751 .3540 .2693 .2451 .1500 .0728 .0198 .0007 .0000 .0000°6505
.0G H2 .1215 .1008 .0778 .0581 .0448 .0411 .0266 .0143 .0042 .0001 .000 .0000 .1085
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EPSILON PC/p P 11 I tl.SLO -'..5115 C1 152I A SIOPT OELV-C VECVA I ST. I AS lAt AC SEA CE VAC

59 4.2 95 121.0 .1 601.59.81.66.
-535' o.6 ':6 i1~ .81 ..9I 15. 9 59 2 8.5 0 1: 1 :1S. 321 5.9ý11 ::II :

. o a 9: 1 21 .1 -125.10 ..92 55. 3 5 . 2. 5 1 2.0 555.05
-..560'2 10 . 381 .51 : 328.2 741.1 1.065C 362. 355.516

130529 9 0 - 555. .11 s51 .2 'I 3.3 o0*
9 D Il . 2.E6 1 3121.3 -515.86 1 3 165s.0 11. 3 SI 5i I550"":
O.c 3.9 .302 1856.1 -53.3/ý .930 111:2 55. 5:886'' 3 .1 :,

.:36 1 :1 6 1 60.0 -551 .0 .38 , 31 0. 1 5;E 1,,35 S 3. 2

28 0 0 0 62 . 3 -1§1 359. -53 .32 . 5 109 .32 0 50.2 25.55 3 9 65 5

/8.000C 220.4C% 1.S61 1052.8 -115. :1 .19 1666.1 50.6 205 I308.0C.5
1 .I o 2 1 ;: 10 -6 1.559 51 .5 50.0 25.1.35 ".1 5.2

55T.D00 1-9.026 .3S' 383.5-5 .5 .3I '52.1 91.1 26.68 30. 0 5/

000/ 5011.39 .21 369 . -5 . .1 3392 3.5I : 099 511. 5.33
21. 0 0 553.362 .251 36 . 535.2 255 15.. 8. 3325 53. 5.5

2k. 00) 498.0,10 .62 865 5.2 -506.0 4803 ITS.3 8I.3 55.52t535 .

25.000 . 22.3 .233I 'S616 1 - 5.9 133 ;'T . 3IT 26. 380 393.1 ::.03o

3ý.05 20658.7 5.336208. -525.10' 6/ 552.5 13.0 2.290 52 . 32. 326 305 55' 553

01 .1 5 IN s.: 299 0 8
42. 0 00 r66.C . 593 2.9 E 5 1 S3'

51.0 6 1 0 L/" 0 -;1 1 90 '1 '91 5000 9
I*00 00412 1716.2 A . . l Z:' -C1.

62.0C 0 ::24 j 15 LA L 2 t 1 0.:W0 9 0 4 Q 0 , f 260ý -26. I I. 9

35.0-0 0 5.41k 14.60569.6 -591 2.65 5.261 59. 5. I.6 I5. 62 .9 5- .36

53.000 9620 3. 5 2951.51 -59.1 5.561 905.5 51 50.C-.9f5 33. C3.5 5.81
56.00 50.629 26.8%36293.5 -20 .16 T 5.5 : 39 689. 92.01 1 .3 5. 3. /

05.30 53.9.38 2I.65 295.3 ' : -20.5 5.1 I0. 53.9 5:.C3 958.3 053.5 I
*56.00 0 .521. 1 2-..12 1 28 2. -26 .55' 5 039 65. 2 10.9 2. 30' "35 . 13 6 65.5 09

51. 000 5 .9 2 7:61 1.2s36256.1 -209.05 5.003 652.9 30.3 551.99, 8~. 591.3 99. 0 I5ll56
Z5.00 " _Z 1-1 53.36. 1303 I - /35.50 .835- 95 )1 36.9 2. 5 9.620"IL -- - - 320. 936. -- 5O

210.00 598.369 3.50 /15 30 . 2 59lb.8 .59 620 1.13 1 25. 5853 15. .3
26.000 230.033 -. 6 J 044.4 29 -1923.4 1 .2 6 .199 2. 1 /t1±? - - -2- 5. .9

2 5 0 0 0 2 2 5 5 6 . 536 . 5 - 2 2 8 . 5 1 9 2 . 2 5 . 2 0C . 5 5 3 3 6 . 5 5'3 9

500 1204.519 2.603 2338.0 -23.93 .60 95. /M 6.9 696 .
12.000 502885 .91 2 330.3 -119 235.3/ 1011 915.2 253 556:3039.2

5.0 0 9 . 3 .256 /3 6 -2 9.501 1.002 6382 2.6 2C .01 932.5i~ 5.9
I6. 00C0 104 9 26 2.873_20395.@2 -23.03 .596 k933.5 23. 6 .2 8.59 3 668l2.0. .5 3.
55.00 5225 :83296 2 -23.8 ý.55'16 690. 23.8 5091 9668 696

39.300 396.965 .615 231.1 -231.6 . 2 9961 23.1 15.28 63. 5.3
60. 000 6019.56 .53 2656 -286 ;':1, 9 2.3 2.' 52.09 360 5
35.005 629.612 Sol 2565.5 -3.3 35 96. 1 2 .15.90.66...95
62%.000 338.653 1.465 230.0 -263.32 ~ .36 569.5 fle_380 .__ 3..919
95.800 935.89 .6 29.5 -269.55 .585 633.8 22.; 3.0 5 2- I67T 393
I980 93.6 .639 2598.1 -9.0 .6 2 " 965. 22. 9510 668.2 5.96
73.300 602 9 ý l 1.626 23231.6 -29225 . 989 966.2 26.5 56.095 08.5 5.96066.600 54653.0 1.1060 1 ' 2350.3 -232.9 0 8 . 16 0 666.8 22. 13.8 66. 1.8621

66.6010 25283 360 .531282. -299.29 .65 36.'295 .33 I_ _ 650.2 5.966
38.005 376.55 1 .031 2257.9 -26.98 . .659 66.8 25.9 259:23 - 108.6 .69

50000 332.13 .56 2259.9 -295.69 .638 6686 2. 5 39.81 3615.3 6.950

3O9T5 20.781 59.8 1612.21: -505.39 .85 36 5.5 661.1:1. 16 365. 1 33.8 98 .0 : 35.P 593I .2IS 00 4 .S T 2 0 2
TO. 00 0 SSS.266 2 68: S?9 839. 4k M 46W .1

IT 0 0ýOI1 'I k' 2:
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P4F SUkIF PkOF IL Lk1rAT A
SYTF M L I..) IU v I P4PF LLANI PC I00C. "1614 PE '.I P'IA

CCOPO'LNI [1(LF F7kMU1A I 01,'57fY pLAI FI1'I .,. I/C
[EI 'i/0C (11 /FC1/.C ,. I

ýqsh I2. 2 I.1414,- -44.64 6".
e;'h til,-ý9 O.ecc I .lt (4

t1,L K OL5NSIIY .Y 17t GO/CL
ýIXTLKF WAY ( I C I. 1 141 L5 5XIE IILk / L" [rf FL.LA

VfW(SSUJt P-IF ILE• 'ATA

CH1APhE4 EN1HR(!PY 129. I5 FU/ 1U,1.5,

C0-AMI'6IP I -PC I

FRO[EN L FPANSICN

PRESSLRE. PSIA 1000 59e. 1 1518.5 61.10 25.12 14.I 0G I0. I .11 . '') 3.5 . ,,31 .2 '1 .I1O t 5.e
114149, LEG K 26174. 7 ?l1 A 9.,i.6 1699.81 11450.1 I1V0. 1 1212.1 1'42.4. '111.0 I(11. 9 6 1 1.6 50ý.O, 243.C
EN1401-LPY f- 9.?tA 106.14 124. 10 111H.6.21 S. 5 1 I'i."6 1 (7. WI ' lI .' ,G l.I14 210.i? 2 116.1 9!!,. ý14 918.9)1
CF .12 11 . 1C66 .69S6 .0791 .66511 .614Y6 .66/I1 .623, .60sl5 s Pbl .ý6 V, . 1,'O .1141
IPIPUL OPT 15 1 . S 2116.12 244..t, 272.4, ¶. 15.1H 2144.2l I 1l.',1 S21'.. 5 16.61 14 5. P5 5',.3 1 I/I. 3(,

IP•Lp L VAC 227.e4 2514.H2 ,219.23 2Q9. 1', SOH.94 1 11.21 }29 . 1•0 1 .. 5 oil I.60 V4 .t!C 1b0.49 222,?.

EPSILC%, I.CII 1.t,95 1.0 .b 5.9 1 1..0 7 I1 • s5 .' ,LI 1 41.t,31 96.1°11 199. .14 09, .4 •C 61 1,00I ,

S-IF T ING E XPANSIOIN

PRESSLRE. PSIA 1)000 399.I 150.5ý 61.10 25.12 14.10 0.(,1 51.9"1 I.59H , .651 .2S1 .1Co 5810.

TEMP. [UEG K 26814.7 2506.6 215t.0 2212.6 2C93.r) 201C.4. 196.5 1e,11.6 I11'0. 1 1660.17 IsS.4 1,12.6 2,11.o

END14-ALPY 1-) 19.98 IC?. IC 1 52.0C IS.6.11 1". t1 IHI.CI 14.90' 2)2.t 22?. L1 244.935 ?'21,9.64 2I. L2 ,6.,9

X HAs s . 199 5.6o2 5."10 5I . i.11 1.210 " .. 2,(6 S.11 5.163 / 1 4. 46 1 6.9H2 4. 1('4 4 .615 Is .11I

F 5 .195 5.889 5. e,85 5.,1 I '.-1d4 ( . h16 5.6Is b.6(3 ,.0o, 5.925 t . 952 5.111 0.9 1

CP 5.C418 5.0111 4.2275 4.2602 5.5961 1 .117 2.116:2 1.061 6.114•10 L.-149C 4.86671, 1. •. 1 14.9149,

IPFPLL CPT 153.5e 212.12 2,4 . 8 9 2P.14 505. 16 116.19 35. 9 .s 536L.14 1 M .114 14,', 4 -H t41t 119.C9

FIPPOL vAC 2 11 .21 2614. 5ý1 295.1Q2 ? 12.93 1S14.t1 914i.014 16 1.5 4; 110 .1 1i4 196 .60 4 Ili.0 ý'.2 .e, 225.7 1
EPSILeN 1.010 N I.t13 3.1419 1.132 IJ. M16 1'(.0ýb .2.36 I 1.2U4 1 s9.3U I 35,.0149 814 .155 1.OOU

C OPPP ýI T 1 ',. S IF)IN'U, (F(CL/ILL M)

132.6C 1 .'COOL .0CCO . •.-0C G00O .0000 .O0CC C OCO .0C.0 .C .00 C GC .Go LC .0000 .OOOC
114.7t 14.1- .CCOC .CLCC .OCC .0000 .OCcC .OCO C01.L0 .LOGO OO .0000 .L00 .O .0000 .0000u

-147.15 13-H.C 1.052H .91421 .8494 .1556 .67 IR, .6363 .6040 .5145A .451) .1695 .2d121 .204,1 .9861

- 135.32 0 o- -C2 .5 142 .4052 35C31 .2156 .1395 .1025 .0190 .C3b0 .02 19 .031,6 .01(,1 .0070 .611•I1

t6.CC e.1-2 . 0C006 .CC03 .020? .0 l .01 .01,0 0 .OC'OO .0 CcC .OOC') .00CC .OCC0 .CCCO .CO04

-145.0C t1.-2.02 .CC0C .CC0C .GGCC .0000 .OO.CC .000 .1OCCC .OOl . 0000 .0000 .o0(,) .1(100 . OOu

Im.OC bl1*- 3 .0012 .0607 .0005 .00011 .0(002 .0002 .0002 .0001 .0002 .001 .00( I .00o0 .Oo0

- 2.]/.6C 14I-9*CI . C00 I . OCC * 0000 .OL O0 .000r, .001ý0 .. 000 .060 OO. O .COCO .00CC .0CC0 .GcCCl

13 .I 4 .b 0 ,C204 ,C1,46 105 .00C2 .00411 .0037 .0070 .00 I I ,Cc10 .CC6 . CL04 .GoL? .C161

-E14.0C e1-02 .C00C . 0c .0 .OC C0 .0002 .Occu .0000 .UOUO .00010 .(00(0 .001(01 .0023

199.50 .12 .0000 .0000 .0000 .0OO0 .0000 .0000 . 00(,c 00(0 .0000 .0000 .0001) .0000 .0000

-111.60C e2-02 o.22e 18 .2.6e .2519 .2141V .2443 .21450 .216be .2561, .2231 . 111 .t111 1 .01q 2 .2126

-210.1C M2-O0 .25014 .23t6 .2195 . 194 1 ,I 09 . 13e2 . 12L6 .0 It, .ut6 .C1411 .6055 0,2 3 .241414

-51 1.69 e4• 5 .1-0 .CCOC .OCCC .0000 .COO0 .OOCO .0000 .COCO .(,u( 0 .00)11 .OuO . O(li ; .000 . OO1

52.1C 1- . C2144 .0225 .01,10 .Ul5 .00111 .00b0 .0001 .0042 .'030 .0022 f0l)•I .e) 1O 1 021240

9.33• -. .00l .0C0C 0 .oOCC .0000 .OOCO .0003 .001. .0C(C .0OU0 .00CC .0M)0 .000U .c0C)

.CC 1-2 3.59414 -A.7211 3.M4 42 3.91421 14.0269 4.0692 4.0966 4. *1516 4 1.20h1 14.2;149 14.29E2 4. 11i69 1.67149

-57.8C F-2.0 .0512 .0321 .0191 .0103 .0050 .0031 .0(20 .0U016 .OOO .002 .01 . 0001 .0391 1
59.56 a .0000 .00110 .0000 .0000 .0000 .OOO0 .0000 .01(,0 .0U0)O .0000 .00001 .0000 .000O

.0C C2 .CCO .0000 .000 .00000 .000 .0000 .00Cc0 . 00000 .000 .C0c0 .0000 .0000 .00,,

- 0C5.54 42-(10/C .C963 .2467 .i7N4t .49452 .60e1 .6101 .7 121 .80)16 t n IL, .9510 1.0210 1.0912 .19•9

.CC e/L .C0CO .OCCO .0GO0 .0000 .OOC .0000 .0o00 .0000 .014If .10o3 . 1608 .2109 .0000
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66u 6 1, 6/(ItI - 11 L.IIII26111 1

1t 5166IN1 G.1. ((I56

(.000 I066.00o, /86... -I .6, .

.6c (66cl 8 608 -61 10 IlA ~. 1( 1. 21 21, 2'.I I/

2.00 8.2 (6.,' 1o16 151% . 2" ,1 6. 1/ 111 /.. 111 //5 .1 .6

62.61 .(1.6 I,1', 5.6 j.I.A16.111.1l5l'. .11

6.0 (16 1.8,11. -(.1 .6/65 2. .(1 2,.16l (.. .2

I~~~~~~~~~~~~~lc 602, 86. l6tl 216-l.4.6 8. 1. .4 6. ,. I.

(6L060 6 I ? . 66, ., 1. -.112 6' 6. 15 I'lI 211 I'' I.

/.00 16.6 C61 1/. 111 81 '66 1. 11 l. 1,l .

1104 ( 5 91 8 8 6 (..6 l,.'.11 . I .16, 1. .116.000 /I. 281 l.,'68 (8',' 11.1. .61 4 .. 6. 16 (.

(5.00 '.8,8 l.(111A.l (66.l .A 119.6 (6.,.l'I lI,.1..21A1

(6.06 1/.52 8.5, 166/ '.5.1 .66 66.5 ,.2 /.6 II. './I '. .It

(8.6. 18.51 6.>111.4 1.1.6 .611., 1.1 .15,1181 l2.l ..'

2C00 1611 2.9 iA 66 '. 1."1 8 1 . I'1.> II

1146 1A8 .61 3..' 61 1. (','A6 16 11:1

986 2 '.6 2. 1, I t. 6 .I 1
2

. 4' 1 1 1

I 65 I. I.~ 'Il1 lA 119 116.211, 1 612rI

.6 : 25, 9 .. . 1 -2,. (1.1. ' 'I I,2 Al
r r..6. i 1 3.6 1 1.',IAAt l.12 4), 115'15 l : l1,2.11I 1,1

2:.02.''lI I o(. 8 11. 111 , I " "o

'186(66' 6160 66 16o.6 .66,61 . 1 6. 1 I'> 6.6 '1 .6I 1,11,1 2I 1 161 116' ,



PRESSUMF PMCF ILE DATA
SYSTEM L103o1U1 IfIPH 0PVELLANT PC 1000. 1% 1 PC0 0).1 PSI A
CeMPONENI IREF F1 PPULA ILPIS I| I I'(,11T I ll" ' I !'/0

[EU, K JI/CC (K0t.LIl(8M./,.)

298 H2.1'2 1.88)' -44.1-4 6".
29" oS5F.? 0.620 *..14 1".

bULK 1..NSIIY 1.014 GM/(.L
PItXT1L1 : RAIIC 2.12l LE: Vl(1011i- / L1 01- FLtL

PRE(19S!J0 P'9!FILF (ATA

01-LMI,'Lk C' T511:VY 32?. 15 [u/ 1U6UMS

FR(!I/F t(PA SSIC%
PRESSLRE, PSIA lCOC 39P.I 6.' 1 .10 25. 12 1. to 10.(;( . I. 0' 1 .1 . 6 .2s1 .IO IV0 "66...
TEMP. DEO K 2?v,. I 24FAY.) .I42.S I2'1t.) I5-,9.6 142? . 1 118.6 II 2 .t 44,1t.. 1 02. w t(1 s.? 1*.4 2ci.-./
fKTf-At(11 I-) O05. 12 1I1. IH I 16 .1 I' , 1 .2u 1 14.6 1 1 I i.5 18', t I ?.4" , 0/ý'. C4 " 1.4', ?/I .',, 2" i.50' ,. C ti 10. IA
CP .ICOS .6/m"' . 6144 . .6 1 .6042 1l .620, .6O- .'", I . ýY5 I .'W1 I ') .6903"
IMPLbL CFT 1548.51 I 10.91 /49. 112 1,t. u,4 ,?I.12 100.4 1 11" 1 1 31/. 1, 14 1./l. 1"1.6 1 it-4.1 l i. I I
IPIPUL VAC 232.481 ,e C.(-t 281,.QCu 1 . 3,1 SII .4 I W21 .,v9 5 1.6./.1 14G,.. 1 ' 514 .10 1 it,1. 14 226.62
EPSIL(oN I1.0(1 1. t' t i.00 1 S.94t 'l. b2) 1 1.1S 7 ', .1 1.0.1 56. 42 196. 3L I0.S I . 010

PRESSLIE, PSIA ICCC 39e. 1 1Ir.-. 81.10 ;"1. I2 14.10 I{.., 0 1.'0 I I. '1 .601 .21i . G160 6(5.
TEPP, DEG K 20P'-.1 25611.4 24 1.( 2,0,t.", 21l,(5.4 2 )Y. 21"4./ I1 51.1 I'v'•".. 1 164.') 161. 1 190.4 25Y19.d
ESNI-ALPY -I )-. F2 1113.61 I !H.8?2 Ih.I 1 I. 1.9 4 1?4.;l 2?2.v' ,?21.20 25,;.5C 2,4. I'l 261.92 2Ž ?.0,6 iC?."i
X MIAR S. 506 S. ,. 5 2 46 S.2949 ". It? S. 102 s.(Si1 4.940 4.pi 4 . I 4. 1 4.64C 14.555 ).s t
N 'j.59. S. 569 Y.•4 5. 5)y 5 b.ssc, .sS8 .553 5. 5 4 M 5 .SLt .1516 5. S.Iu
CP I.0 1 1 .9 01 1.2,58 6. h6104 6.';)1 1 1.-1404 6.29' ',."4t9 5.254 1 4.4610 i.60O), 2.141( .?114
I 0PLL OP1 155.1l, 214.94 25'1.85 291.;', 50H3.?0 !19 ., 1, i .I,41 364. 14 1c2.'. : 99.22 8 '11. i/2 l,;2.0Z
IPPUL VAC 23,.S7 261.9, 29r.I ( Q24.5i ,".2?', i4 1... 561.0 51"-.62 40'I.66 816.01 4e9.C'4 22H.71
EPSILCN 1.C6I 1.e06 3.4h I f. 14 11.0 11 1).156 ',Z.c2 (.M 1.459 161 .1. i I0.i2b A,15.',II l.00u

L( OP PrS 1T 10. S 1 1F I I M 1, CletL 0 I C u,

I 12 .6C .CCOCC .GCc .occo Ccoc . 00 .0COD3 .CCu .LC0 u .U0 0 .CP . .00 , COO .0 (1 0
114. 76 01I- .CCOO ULCO C G0 00 CC 0 .oOCG .-C'C .CGC( .CCOCO .0001C ".)GO .CC1'C
-41. 1_! 0.-.C . 7256 .606• .5bOo0 .4043 . 32u) .21S/ .. 21o I IlId . 1211 .0OffM .N046 .0221 . 6, 5z

-1315.32 P.F'.C2 .9911 .91(l1 d156 . l.,29 .6941 .6860 .613. .5412 .41d8 .4241 .119" .119 1 .91190
t6.CC 6.e2 .CC02 .0001 .000 CCOO . 000 .000U .OCuO .oC(0 .0000 .COCC .00(01 .0 0 . ,C 01

-45.00C P.1-202 .CCOC .CCCC .OGOc .CCOU C.00O CCOC .000 . CGOC .COCO .000, .COCO .UCL0 .OGGC
IM.GC 1*I- 3 .3CCC2 .00 1 .04100 .0000 .0000 .0000 .00L o, . 00,O . 3)O0) .006(0 .0OC( . 0) ,(1 .001nI

-238.6C 11.t-3.06 .CCC5 .OLCi .*0o01 .0001 .00UO .UGO0 .OCCu .OUO .. .0CC OCC.0 .COC .LCCO .0003
5.1ro 1130 .C294 .CI1l . C(092 . 0059 .0036 .0029 .CC2c .CG 14 .0cod .00.4 .GOLI COCO . .ld.

-e8.OC 8-C2 .C12, O0t68 .00t .0012 .0021 .001? .00 16 .0011 .JOCt .0. .000c 1, Oi .COC? .COHb
199.3C u2 .CCCO .cOO .OuO .00u .nooo .no0o .0006 .0Ou00 .oo), .00O0 .COuo .0000 .000u

-11.6C 112.C2 .1211 .1lIu .0OOP .061', .1S11 .0420 .0I,1 .021 i .0181 .0C(2 .0029 .0OL9 .116,e
-- 210.1IC e2.0! .2624 15 25 i . '88 .3Mi . 12 1,, . 009 .79t'3 . 268t6 .2121 .1901) . 1 :t I .0908 .1131
-541.69 113.-13.06 .GCOC .CCCC .0000 0 .C0 OOCG C.OUO .O(0LG .OCCC .LO0O .CC0O .C .00170 .00O O0G00

52. IC F . C0 M58 .0294 .0"4• .0191 .0154 .0 136 .nl,$ .1OU97 .OU/4 .005) .04)., .01)25 .0991
9.3! F-C .0011 .0C03 .06101 .0001 .OOU(. .0000 .00U .0)) .000 .0000 .O 0 jL,) .0CO .OOC5
.00 e'? i.1'806 i. 82e 1 .. 4164 3. 5955 i. t000 3.175485 3.1910 0.Hu,,l i . t 34 3.9t11 IN8.0262 8. 0Y,, 1. 2134

-51.8EC 1-2-0 .1915 .1286 * C19 .019o .083P .0!;6 .Olie .0431 .0o1i .0341 .0 184 .011?2 . 1 1)2?z
59.56 13 ,CCCC .000 .01u0) .0000 .0000 .0000 . )06u .0OCO .O000 0 .0000 .0000 .0OUo .000O

.OC2 .0 CO0O .OGG0 .0000 .0000 .0000 .0000 .(0010 .ou00) .0000 .0000 .D0OC .OnO .000u
30C5. 3•8 2-. 1I/ .0C00 .0000 . I i0 .2602 . '1836 .4529 .5 00 5' .611.3' .1162 .,1 ',0 .9011 .?910 . 00C0
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It ý I "/CC I90/9O.9

t~ 090 C." C .11 .90 92. IA II 1 111 11111 1

0 4 l 1.',99 .0 li/22

l:CO 4.31i1 24.10610/ /994.91 -9,5.9 1.99)1. 1U9

.0( 1.91 99./9 2 9'. 1 1/9.1 .40 12. /0. 91 2/. 219 2/. /.1.21 ./

9u.00 123.921 :2/.O 9499. 1 1/19 .10 29.192 909 /04 209 11. 0. .91 .919 II

I0.0CC If0 II 1.9/11 012.96 -l9. 1 .1 20. 94 994 294 99/ 1'. .2

I9/ / '.9 12. 9I" 129. ..9
.99 10r.9 1 1.ý 99. I4 "12., 1/2. 9.9

ICI
4900 /9109 '.1/90. -/194 I502 1 9. .9 /9' 990 99
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PRESSURE PROFILE DATA
SYSTEM L|CUI0 BIPROPELLANT PC 1000. PSIA PF 0.1 PSIA

COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0
DEG K (M/CC (VCAL/FORM.WT.,

248 H2-02 1.448 -44.84 70.
298 65eH9 0.620 47.74 30.

PULK DENSITY = 1.034 GM/CC
MIXTURE RATIO * 2.333 LB OXIDIIER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 325.59 EU/IOOGMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 1OCO 398.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .00 564.6
TEMP. DEG K 3010.0 2603.1 2245.2 1930.3 1653.2 1507.6 1409.6 1195.5 1008.2 844.9 703.2 580.8 2751.4
ENTHALPY I-I 8b.60 116.56 140.70 161.49 179.34 188.51 194.59 207.56 218.53 227.75 235.46 241.85 106.42
CP .6924 .6810 .6674 .6522 .6351 .6246 .6159 .5956 .575? .5544 .5325 .5110 .6857
IMPLL OPT 155.96 212.90 251.82 280.96 294.82 303.66 321.70 336.21 347.94 357.44 365.13 124.53
IMPUL VAC 234.60 262.59 2"7.94 308.68 318.91 325.53 349.21 350.34 359.38 366.71 372.63 228.63
LPSILON 1.071 1.700 3.134 5.986 8.891 11.862 23.853 48.348 98.346 200.137 406.454 1.000

SHIFTING EXPANSION
PRSSURE, PSIA 1000 398.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 574.3
TEMP. DEG K 3010.0 2704.1 2434.4 2286.7 2158.6 2088.4 2039.8 1928.6 1823.1 1122.2 1625.6 1533.5 2822.8
LNTHALPY I-I 88.60 117.00 142.34 165.29 186.44 197.97 205.92 223.91 240.54 255.91 270.14 283.31 106.08
X BAR 5.450 5.419 5. 316 5.259 5.131 5.061 5.011 4.898 4.791 4.691 4.599 4.513 5.430
N 5.450 5.419 5.400 5.395 5.392 5.390 5.389 5.387 5.385 5.384 5.383 5.383 5.430
CP 1.0558 .9B04 4.9577 5.8221 5.4946 5.1790 4.9312 4.3046 3.698d 3.1885 2.8019 2.5147 1.0094
IMPUL OPT 157.17 216.22 258.30 291.74 308.46 319.47 343.09 363.56 381.52 397.41 411.57 123.31
IMPUL VAC 237.78 268.65 298.55 324.57 338.08 347.13 366.89 384.33 399.83 413.67 426.11 230.78
EPSILON 1.082 1.768 3.409 6.983 10.771 14.783 31.950 70.030 155.051 345.975 776.960 1.000

COMPOSITION SHIFTING (MOL/IO0 GM)
132.60 8 .00co .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
114.76 R.H .00C0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-47.13 B.H.C .5695 .4622 .3517 .2603 .1833 .1451 .1208 .0732 .0401 .0196 .0086 .0035 .5057

-13ý.32 R-H*02 1.17C6 1.1968 I.I851 1.1049 1.0275 .9858 .9573 .8917 .8254 .7513 .6630 .5586 1.1899
6a.00 H-H2 .COCI .0000 .0000 .3000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

-45.00 H.H2.02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.00 E.H3 .COCI .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-?38.60 etH3.03 .00C8 .0005 .0C03 .0002 .0001 .000 .0001 .0000 .0000 .0000 .0000 .0000 .0006
5.74 P-0 .0341 .0164 .0068 .0039 .0021 .0015 .0011 .0005 .0002 .0001 .0000 .0000 .0224

-b4.00 B-02 .0222 .0129 .0066 .0047 .0033 .0027 .0024 .0016 .0010 .0006 .0003 .0002 .0163
199.30 E2 .00co .0000 .0000 .0000 .0000 .0000 -0000 .0000 .0000 .0000 .0000 .0000 .0000

-111.60 02.02 .0720 .0611 .0471 .0308 .0183 .0128 .0097 .0044 .0017 .0005 .0001 .0000 .0658
-210.10 B2-03 .2164 .2817 .3507 .3329 .3002 .2772 .2588 .2100 .1576 .1077 .0663 .0361 .2540
-541.69 63.H1.06 .0000 .0000 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 h .0788 .0452 .0236 .0182 .0142 .0121 .0107 .0078 .0055 .0036 .0022 .0013 .0573
9.38 H*0 .0030 .0010 ,0003 .0001 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0016

.OU H2 2.9550 3.0936 3.2302 3.3411 3.4328 3.4775 3.5057 3.5600 3.5949 3.6192 3.6312 3.6368 3.0382
-51.80 H2.0 .3273 .2479 .1837 .1617 .1494 .1457 .1446 .1485 .1625 .1884 .2267 .2763 .2784
59.56 0 .00CO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 02 .C0CO .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-305.34 82.03/C .0000 .0000 .0141 .1366 .2605 .3296 .3779 .4894 -.5946 .6932 .78648 .8694 .0000

"-90"
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PRL'SURIE PRIF|ILE CATA
SYSTEM LIff, 31 t k3P f ;fLLANT PC 10CC. PSIA PE C. I PSIA
CCPIPCNFNT ILF f(!kMULA VEtSITY HEAT1 I VH' F. f / C

L[(3 K .,M/Cc Ik(,AL/f'('v,.1.o
298 H-.9? 1 .4f- -L.a4 E4.

tLLK 1,60IIY 1.05, Gm/CC
PIIXTUt131 RAIl 2- S7. 1 Lb 0311111 L/'[ OF F-tFL

Pki %W\' 0. PK F ;LE (CATA

kt'A01-0E8 k f IRCPY 1?-6. 3 E 0 /I:..l

C f-Am k IHk(:A. I
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Cl .1..6ff .6130 . 6, ? . 6L. 3 .62f, 4 .6 113 H . ,1 f. 6.. ,0 1 .114oa4. 1-2t,9 .0. .1/I

[•pIP L vACT 2'35.F` 2tU.I 2, 9. 11 31C.ýC i? I.l I I i I.,L 14 1. v 5)1. 1ý 362.4 1 369, L)g l,t'6.U3 220. 14

EPSILCN 1.012 I. 14 3o. 1/ t e.022 1.?5?1 II1.9-5y f. H ,, I 4,I1.90.3 ,Y.I.4 20G3..,f- 14.7M( l.OOoU

ý1-I ýT I Nu F x P A, SI (IN

PRESSLRE, PSIA ICC 591-. I I t, 3 ..IC .0.12 14. 10 I0.,, 3.5.Y, I 1. n', .65 1 .2%1 .1CC r•t.1
IfPP, , UEtG K I llo 2 2P4C9./ 21)2 L. ýl 2 h . 3 2 1 14. Z I0SC,. 4 2 ,,. I I H9,.b I, 11,9 . 2 1 f4i. 6 1 '•,40.2 I5U 1. 1 ' 29 .9
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9
,z

IlPPOL VAC 2 18 .2-9 263.a ? .L4 24. 2 Q i. 01 iir.C6 14aý.60. 165 .so(r i" I .;11 1? r. LI A, 10 .a i 4Z.119 251.92
tPSIL(C% I . Cf. I . 164 S. 52 6. 19ý 10.4 12 14.JS 35 1 , 5 -- t , .611 144.14, :$14.4 11 7,ý2.4C2 I.COC

LOCPCSITIO'. SHIFIIN1,, (PCL/lIC 6P )

132. 6C .Cu00)O . COCO . OfC Ot),l.0 .0000 .0000 COCO , .. •f.I r. 00w, .00(,0 .COL0 .00010 .IfOOu
1I1..16 e.- .C.CC0 .OL0CC .U1.CC .0800 .COCC .0000 .000 .00CC .L'0G .CCCO .COLO .CO000 .000U
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Il.cc •p.1• .CCCO .CCCU .0(0C .CC(0 .• OCf .COU .0CC0 .CU( 0 .00CC .00001.0(0 .0C O .000i

-2i' .6C e.1•-i3.0 C C 3 . C . C? C0 .OCUa. .COOi .CC02 .CC02 .0062 .0001 O. l .00V1 .0o01 .0w0,
t.1. 14 Pf" .0 1031 .0116 .0069 .0022 .00 1fn .0Of06 .001. .000? .0ra? .u OOUO .0000 .0000 .02 3.

-P6. 1L 3.02 .C !56 .021 e .011i .00SO .00i9 .0ci .02 .0C,11 .001O 1 .0006 .0003 .03,. I .02h6
199.3 C 0 0 .CCO .00L0C .01.0 C3CG.0 .1.L o( .;0010 .OL(0 .00c.0 .0000 .000h

-111.6C e2 ,02 .C0 1 .C320 .0219 .0124 .CO59 .0036 .0025 .01(9 .OOf ) .00., 1 .0000 . 00(1, .0351
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-54 1.0o 833.1-F!6 .CCO . .000 .00 .00oC .GOG OG I .000. .000 .L0 .030) .0300 .01.00 .0000 .000C

?2. IC . 1020 .Co25 .097 .011 .C 116 .00 it .0C0? . C 0,56 . 00C i .0023 .0016 .UOC. .Cr?L
9.31 V*0C .C 00 .04,28 .01.09 .0002 .00D1 .OCOI .00CC I .OQ.1 .0000 .0000 .•00(,0 . U000 .004Z

.0C f-2 2.6d ,1A 2.31060 2.92S2 i.02H3 1.04,91 S.123V 3.14U6 ,.16Y1 3.1346 1.1962 1. 19t, 5.200(s 2.106t
-31.eC f-2. ..512H .14 . V09 .2962 .1021 .3l 511 12 l'i . 3500S5 .4021 .4669 .52o1 .5956 .46 1 Q
59.56 C .C002 .0CO0 .0UC0 .0OOU .000C .0000 .0CC .c1co .00 .00C 0 .coco .oo000 .0001
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-92-



I3OLO 3, '6 41 4 't'l I4 441! l 3 1- 54 13 .11'11
nilC ISl.o1- il 13,5 1y 4 414 ., '

31L. .I' .4....

3,5 .'..35 .. 4 -

2I.c5 I e41, I .04 21. -I,., t 'n 4.3 .lI ,. 21- 2S. 1 .. I
5.6CC' Is. .7I 5. 141-2S1 .C - 1 . . 4 3 . 41 .'1 I '.. 274

4.( 112 S.16Il.! -I.t 41 2.' 1. .4- .4, .5

n9.0t3 '2. ~ j.4 .. 4-.. ., . ] 4 .11 345 ,,1 I.* l a - I

43.522 43. i'l '. I I . ,.1 .- 14 I.

I . c' 12.S 3 ,~I -S. A i I "I

19.c 1' Is- - -

I '32

42. 24311. :4Il7212 2, 4 'I 4

I455 1:1 211 ",,22 1' -2 1.7 ,! 4.:'I 315 1/ ,. 1

C"62 I . !. 3.,2 4.21 1 1 1,1.I 2 1: ,' .1 .1 , . 3 . , 1 -. 24 .114

47.25,1 1,1.1 1 'I
1

. '4 -24.! 5.1-. 1,! .. '24141 I,

1955 1 41 I Ii 1.4 131. -4. 14 1.,2 V /. 1 .l P2 I .,. r1. I.9

260' 43 '91 !2~', 9t1-2. 6 21 1.4 1' !. 9'43 5a 1

21.61-5~ ~~~~ 14.5 5.3 53! /. 14! 7.1 L 2'. 1 ?.. 15

2'.53 22.43, 4.443 133.1. -2,469 1140 114.4 341, '.127 -!! 41. .,
23.435~11 21,1 .1 241. 1244 Ili4.'. 743 51, .1

C?'I 2nal nw I 4. 2',l .1 n. 21. 1.S 9,.! 2 S.

9603 
11., .3 413. 21 1 .4 463-1. 1q SC2.3 i5."!' 15. 1-.; .11"2



PRF SUkF PROFILL ArTA

SYS TFM LII.1|D b1IPRI1ELLANI PC IOGG. PS1- PI 3.1 PSI4
Cc PIP[ON IN I4 F F(;wPULA tENSITY t L At F4,. .. T. 0/(1

fI(1, K 01/CC ( KAL /F '/ O .M1.)

h K S. 51-9 0.62C .1. 14. .

i-ULK UENSITY 1.091 GM/LC
PIXTL.,L PATIO V . 16 1 LI h~lL Q X4011PIL' I I FLL

4P(•S:,4a,4 P11.,1F|L( LPAa

PRAEeSf S C k [, PY II .L. EiL i AT , A

Cl-A F A T I I.tC P Y T

FRO'IF N L44ANSICP-

PHESSL.E, PSIA 106, 319.. I 1 1,.. 6 10.10 2 .1 I1 .10 4,.0 0 . y eI I.&35 .651 .201 .LO .3616.'
TEMP. LEG o 520q.0 2112.', 244.' . I 24')0.0 18,4.. 1691. I9'1L 2. 4 1il1.C 11 '6.', 916.6 . 1?9. 2 2 1. 02 0. ,

EIHALPY 1-) 91.24 125.09 I..N4I. I i.11, I.09 . 9.2t I "U?.15, 4•.09 c.4 /4C.40 0.24. I I,..,4 IIL.I14
CPES.4 . h4. l .8'. ', .1,2 0 *.1 s .60 / .I ,. " , ' .5 12 .',5. . 1),1 .. ', I II . 4C 1 0.ct51
IMPPL OPT I, 1/ 14. i',1l ,'Ii.. t 2 1.4.. c I 1, 0 7.V1 106.12 51L' '.01 '4 0. (t, I 02 . 4 1 l,?. 9f, I .1 12 1,14..?,
IMPPL VAC 1,6.01 .164 .6f 290.6. hi12.C 1 52?.',? 121.a.6 .4.1 i .. I i1a. '12 I', II. 4015L4, ý.0 f.IA 229.91
E PS ILO"N I . c ! . 112 1.I. 141(.09 1 9 .01/ 12.ill 114..,1' ', L1/. I L2.6il 210 .?2l9 a,.o 4 .05I.00,,

s.-lI fr I N, I f PAN% 1 0',

IFPP, CEG K 120'. ; , 'fe,.'; 2,,10.5 ?92. 2 112.9 e30 .O l.P)4. 1 1034.6 I1l.) I146.H 10'.. 1•4?.2. 0099.I
EPTI-ALPY 1-) ?1.2, 125.,1 ; I I .'II. 41,.1..0 I9'4.t2 ý,0).27 ,I12.0/ ,I';I h ..9" ' .1 0 /-. ' 0, . .?f0. 1, vc',.92 1 14. -

X tAL I.C/a 4.9 1.t, 1.1, 4 a..o I I .040 y .', l41,1 4'I..o 1,, 1 .. 1/ a4.,,14 4l. 1' 4 .. 10 4.)94.

KMO 4/ 40.V , 4 i .911. 94 44.0 .Y.C WOIC0 Co.:. 34'.?'. 1.4 . 4,l .k 4l..9I 4o.l .34.0 4 .' .994

102./60 .C0000 .ocCC .. tcC .0000 .:COC• .3..,O .00( .1.0(. .ococ .OCoO .O(,0O .0000 .004.
ILP,. li I.. .it.4 . .O0, ? .1:19 . 00) 1ý i 0004' .0000 * 1'40, .- 0,0 IC .60000 *10000 .O I C . 0 4 10 . G60',,

-4.1. OPT I.. .22I0 .1 II . it, .?.4Q' Y 29 1 ? CS i . !) .0 /41, .0',4 { .0 1 3 T .L." I . . I 01 4 I .IOC, .4060

-116.32 1.0.12 .- ,t, ..400.. I.'.62 1.o641 1.01 1. 1.4,12 ...4 3,2 1,340 .I. O 14.1 2 .96 1 1112 14 .6100 l1.00(,
16.06 C.4-2 .CCOC .CCCC .cOCc .CCOC .'0CC .00c'O .COCO L C 0 ) .'3C0 .rCLO .0CO . L00CO .O300

-11. O *I2.[12 .0,00 .0060 ."" c.0 .COL 06 .0 0)1 .OO00 .000 .100 OL .00(,Wo .000c . (.:00 . 00(10 . 000
I-4..o Ee-1 .( 00 .(00CO .I, O) . I eO0 .O)2 .4 1 0 00 0.61(,4 .,0 f)O orCI .H U00u .,OO .I00(

-2141.60 32.4- I 3 ..104f- .41, 1 . ':I.0 .0000 .1 0 I') .001 C .04' 12 .1. 0 .1 '-h 1. .100 1 04 .0299 .* 002 .400t,

66.1. O.0 oC11 .P1 -I- .CIL .C L4 C L .CCOL O L 001 .c.I .. 000 .L0CL COCO .C000 .000 C .L001 .02Ia.
-45.0C 1'? . e .C,2 .022 U 2 c () G G _ .0600 .00) OOU . 0 0/'. .O04i .000 .0005 . (14)1 .41(401U o .00o

V19. UC e2 . 0'C000 .0CCG .O00 .4OO .004.0 OGOO . 00601 .Oc L .C00) .0OCO .0u(;C) .0000 .000
-111.6C e 6/22 .032( .0I 1,4 .0. I ,0 .0C:V? .0000 1 000' CU 01') *CCL, I OU .u( 0 .3000 C4 ( Oof . 000 O I0
-250. ?4 H2* !1 . 7 C IC ,I00, U 1240 .I4s .4or1 .I45 .I01) .cc, .Ia, 1C0C COC .0C4UC . (119 .0214'
-e4.4.69 .3.4- '200 C65)4 •040,2 .402h .0000 .100I .00,03 .oLu2, .004 Oui2 .0OC5 .0001 .000I .000'

52. IC F I I -40 .00 11, .0525 .0241: .00-f4, .00514 .004t, .Oui bu .1,0 .ý00 1 . O0C. d 0000, c 109..
9.3! -. il .L; I .0 I 4 .. O .004 Oc Ite . r0, .0. 0 CC02 .0CC2 .CQC .I (; I .OOO .COCU Of,0CO .011

.CC 1-2 2.C0OP 2.1294. 2.199A 2.2'149 2.292;4 2. •01 2.1040 2.0V ?A4. V.'251 2.1216 2.0236 2.324?2 2.t0,0 f
-57.8CF2 02. 1 .0162 .91.96t, I 9o1 .I,,2o .42Y1 .843Y . 1•20,0 .9541a 1 .0312 1.1211 1.2U39 I. Z834 .442t,
59.56 C .r,11 .0004. .G(01 .O00 .OOCO .0,100 .00(0 .ClUCO .0000 .OGO3 .U000 .(;000 .OOOe

.CC C2 .C002 .COI .0COr .G000 .000 .0OO .0000 CC`C0 .000 .000;0 C 0000 .ý0;00 .0001
-SCS.34 P2.4)5/0 .CCO0 .CCCC .0000 .0000 .000c .C-92 .C09L, .2071. .11 N, .4199 1'1,2 .60ý4 .0000
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PRESSURE PROFILE DATA
SYSTEM LIQUID BIPROPELLANT PC 300. PSIA PE 0.05 PSIA

COMPONFNT TRFF FORMULA DENSITY HEAT FORM hT. 0/0
DEG K GM/CC IkCAL/FOPM.WT.)

298 H2.02 1.448 -44.84 64.
298 85H9 0.620 +7.74 36.

BULK DENSITY .918 GM/CC
MIXTURE RATIO * 1.778 L8 OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMRFR ENTROPY 343.20 EU/IOOGMS

CHAMBER THROAT

FROZEN EXPANSION

PRFSSURE, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .680 .285 .119 .050 168.5
TEMP. DFG K 2566.3 2221.6 1917.6 1649.6 1535.7 1413.7 1205.9 1023.8 864.6 725.9 605.7 502.0 2332.8
[FTHALPY 1-) 79.95 104.04 125.42 143.59 151.18 159.19 172.53 183.88 193.49 201.59 208.37 214.01 96.53
CP .7133 .7003 .6858 .6696 .6619 .6514 .6325 .6135 .5941 .5736 .5531 .5330 .7051
IMPUL CPT 145.65 198.88 235.28 248.92 262.55 283.79 300.69 314.29 325.30 334.24 341.50 120.07
IMPUL VAC 223.46 248.07 211.05 280.39 290.02 305.47 318.06 328.32 336.69 343.48 149.00 219.19
1PSILON 1.052 1.588 2.756 3.640 5.051 9.S14 18.194 35.087 67.934 131.67? 254.917 1.000

SHIFTING EXPANSION
PRESSuRt, PSIA 300.0 125.7 52.66 27.06 14.70 9.244 3.873 1.623 .680 .285 .119 .050 174.1
TlAP, DEG K 2566.3 2333.9 2241.8 2130.8 2D79.0 2021.7 1918.7 1819.2 1719.6 1633.0 1568.1 1506.3 2433.8
E'•TIALPY f-) 79.95 104.87 127.74 148.92 158.27 168.55 186.77 203.71 219.45 234.05 247.77 260.67 95.87
X BAR 5.9C1 5.793 5.662 5., 11 5.473 5.408 5.295 5.191 5.098 5.006 4.905 4.811 5.848
% 5.9Cl 5.891 5.a88 5.882 5.880 5.879 5.817 5.875 5.873 5.886 5.914 5.940 5.892
CP .9799 5.9780 6,1V92 5.7030 5.4316 5.0825 4.3207 3.4522 2.5384 7.6081 6.8080 5.9221 7.0218
IMPUL 3PT 147.23 203.89 244.95 261.03 277.62 304.84 328.12 340.36 366.14 382.09 396.50 117.66
IMPLL VAC 226.32 257.16 286.54 298.71 311.67 383.65 353.30 370.12 385.44 399.49 412.30 222.24
FP3ILNI 1.074 1.706 3.138 4.268 6.131 12.392 25.521 53.267 112.794 242.723 525.933 1.000

COMPOSITION SHIFTING IMOL/1Ou GM)
13?.60 F .OOCO .0000 .0c00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
114.16 R-H .C00o .00C0 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-47.13 00-'C 1.0266 .9169 .8238 .7428 .7080 .6705 .6060 5475 .4926 .4251 .3487 .2796 .9531

-135.32 0-H*C2 .5463 .4495 .3503 .2602 .2225 .1829 .1190 .0690 .0333 .0175 .0129 .0092 .4898
86.O P".2 .00C3 .0001 .OCOl .00030 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
-45.00 MPH2.02 .000o .0000 ,OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
11.00 d,*13 .U04 .0003 .0002 .0001 .0001 .0001 .0001 .OOCl .0001 .0001 .0000 .0000 .0003

-23a.60 E-h3.03 .00C0 .0000 .0co0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
5.74 t.0 .0244 .0153 .0107 .0077 .0066 .0055 .0037 .0024 .0015 .0008 .0005 .0003 .0170

-84.00 2-`2 .0039 .0021 .0013 .0007 .0006 .0004 .0002 .0001 .0000 .0000 .0000 .0000 .0025
199.30 m2 .0000 .0000 .OOO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-111.63 82.22 .3039 .2974 .2859 .2759 .2726 .2700 .2683 .2717 .2810 .2654 .2169 .1708 .3035
-210.10 b2-03 .3197 .3378 .3221 .2919 .2754 .2546 .2100 .1592 .1049 .0713 .0598 .0484 .3452
.541.69 H3*H3.36 .0000 .0000 .OCo0 .0000 .0000 .0000 .0000 .u000 .0000 .0000 .0000 .0000 .0000

52.10 H .0339 .0233 .0180 .0142 .0127 .0110 .0082 .0058 .0038 .0025 .0019 .0015 .0250
9.33 H-d .0001 .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 H2 3.5972 3.7234 3.8329 3.9273 3.9667 4.0082 4.0766 4.1335 4.1806 4.2231 4.2640 4.3007 3.6794
-57.80 H2?0 .0442 .0271 .0166 .0098 .0074 .0053 .0026 .0011 .0004 .0001 .0001 .0001 .0319
79.56 0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 02 .0000 .0000 Ocoo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-305.34 P2.03/C .0000 .0973 .2235 .3511 .4078 .4704 .5819 .6842 .7750 .8524 .9248 .9926 .0445

.00 B/C .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0277 .0840 .1366 .0000
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SYSTEM LIQUID 6IPM6P6ELL6NT PC 3OO. PSIA PP 0.05 PSI.A

LIowSN YAl P66602 DENSITY YEAT FORM WT. 9/0

DEC K GM/,C C ISKPA3./P66M..T.)

"'"29 26 3.49" -94.M6 6.

FMOTEM EXPANSION

EPSILON PC/P P P516 lEP PYOO.3.Y C 1/ I l OP1D110D C0 I SEA 1 AT 1 AT I VAC IP SEA CE VAC

DEC A RCAL /I1DDG.M 06 DC /I 106 10000 50000 L91I.C 1.000 0.00 2566.3 -19.95 I .13

1.0ý00 I:.TIl 166 .972 2332.5 -96.53 OSO1 99. .M20.21./622923133.2

3.000 10.656 19.60 9 1613. -1:" / . 9.6 2.7, 36.9 1.069 /6A.D 255.9 2031.0 2164.0 1.405 0.553
.00 2).397 12.122 14999.3 -1560.;1 .659 253.1ý 3D.? 2.950 ?59.3 2T9.)3 2831. 3.60
.00 32.009 9.372 1010.9 -396.5 .65?222 20. 2.96 /6. 269.7 1,492

1.00 1.22 0.33 30.9-36.9 612 276.2 26.2 9.130, 21.9' 29. .691

2.00 1.92 9.69 2599 -00./ .36 06. 733 6/SO2935 01.6 1.709

10.000 Y3.394 3.6(/10 1190.9 -1073.06 .631 265.2 213 S.95.0? 29. 304.9 i.737
it.."0 99.359 3.2I3 1102.0 -10l./S .6261 280.9 2/:9.6 6.5 29T.0 1058.5 13.17412.00 Do 0.024 ':"93 "10. 106.6 262 290. 20. 031 310.3 1.09

13.00 320.0 I Y.9 0339.7 -119/S.623 2I92. 3941.0089.6 333.0 1.1167
19.020 32.052 2.202 3030.0 -309.50 .623 23.9 306.'493039. .1
30.00 33.203 2.C09 3052-900 169 29.3 26. 9e.96 290.3 910.6 1.0625

36.000 157.6/3 3.90 105. -330 .630 /90. 38.3 1. 230.5 335.9 1.065
3000 170.2/ 3 .062 1092.0 -302.0 .. 35 239.3 20:.0ý IC/M 30.03.9 29530.090 392.522 2.01 32.64 -197 .3 30. /7036091.9 2.7,03

220 00 2ý.'9.43 3.322 99. -263 69339 2.61.3 2. .3

23.000 2/1.032 2.101 -369. 10-17. 51 .60 05 9 263 3.1 2. 2 .62

2h. 000 2/3.-. 2.050 903.3-9.0 :600 30. 39. 3093 /93 2.3

I60 3 1./ .99 939. 3 -309.312 .609 306.9 35.4 39.9465 323.2 3.939
20.020 927. .94 95.3 -39.90 .602 909.2 2533.0 2.3.3

.3.00 3/.t- .32 93. -3 .7 11 6 92 0.0 35.3 16.090 92.I.9
24012 3.25 92-90.0 -391.- .6Z /2.0 2.9303'2.0 2.85
30.000 33.019 .92 920.0 333 99329 2993.0 2. .4

,300 1/90; . 73 92 II 2.9 -339 ;99 32. 30. 116 31.600 026.6 3..90
'2.00 34.90 .52 99. -32.7 <2 32.8 0.939.00 20.0 3.099

'I0~0 03.7 .73 32. .1420 . 11633.3 20 1 3 39.9.2 - 917.5 1.9911 .1' .?I :
38.000 622.900 .609 966. -305 99 2 /3. 31 2205 9TIl29.0 2..646

'2.O4 9/I' 15 2.6. -116.11 .99 13. 3.1 2..111 990.9 2.009

05.012~ ~~~~~~ 1261 .63 000 -9.2 .6 3.0 2 9I.0 20.92/.9. .1

04.042 24.3: .009 14 105 II.3 " s. 20.9 .'6 939. ' T 20.9 Z8- 27.899 9961 2.04 140 2.618'

90.000 59.099 .50 900. -390.2 .969 / 9 PA 22. 290I 93.2 3.6

60.00 6/6./3 .93 75.9 -3'9 I.95 33. 32. /965 9929l396
0 n0 -39902 .332, 092. CAL/.0 .96 32P. 32~.6 29I.20 93. 3I T II rSAI .66

S7:73.0 .2. 9. -9. 2 .96 132.9 20.56 2.802 999L.1 .1 2 3 .86

3.00 0.20 4.96393.7-33.3 .622463 3. 2 .30 206.9 215 9.020.019. .3 .6

4..301 /022 P1 P93k ý 0380 093 10 O 6 3 IT. 20309 0 2 .40 1 0936 2 2E9 A 602 CE44 1.6 EII O 0 . 0 ? 0o 3 - 9 9 5 I:3 0
,.Oo 2'029320991.8 99ý.7 722 33. 30.6 .693 13. 23.3 2. 2. .9 .8

300 3.2 0330 23316. -307.50 29. 62.3 2.922 257. 264.0 23.6120.0 3.693 .90

.0 00 32 6 0 3 0 9" 9 5 3 - 0 791. 0 20 . 90.29 9.600 30 . 13 . . 2

000 9. 0.0 '.12 -1950 4.006 26. 93.6l 059 932.2 .20.0 32.0

33000 674.409 0.9 999-3.460062. .6 335.6 390.2 .3

39.000 99,990 3<: 3993. -393.143 4.09693. 06 .3 329.5 939.3 3.15

39.020 32.204 2.3 3969-490 1.793.0 26.6 31.009 925.2 340.0 3.909

22.000 !Il: I0./ 1.3 369.0 -203 I.9 32. 09. 2 39 320.4 399.3 3.998
2900 3390/ 3.3033 -203.3/ 9.980 325.9 29.4 19.900 326. 990.0 3949

/400 20.2 .9433. -200.30 925.0 20.6 16.690 35. 3963

26.00 00./ 3.o& 3069 -297 990.9 24. 1106.0353 391

93..00 21.0 3.1 1797. -209.0 933. 29.0 18.1 950. !.95
92.000 30.83 3 .251 30801.9 -2087 :, 997296 1 99: 4914 956.S 3.969

94009 209.729ý 3.398 1079.5 -230.0 99. 29. 2003:600 3.9

34.000 203.390 :3.095 977.5 -21.6 990.2 23.0 2036)60.0 2.00
0900 262.103 3.043 3773.7 -233.29 9961.0 29.32.91 363.3 09.10

9700 20.4 .6099.0 -233.5 9.7 29.2 22.592 3.3.9 7.70
39.000 902 .93 .991'14 376. -212'.90 339.5 29.3 23.3 36. 2.011

9902 9099 .060 0060.6 -232.99 900.2 23. 0 23.382/ 969.3 0.935
90 .00 920.3091 .16 3047.4 423.9 96. 22.9 2902363.0 7.009

0100 12.00 4 3 3090. -230.02 9397./5.03 360.9 2.021

92.00 3900 .93729-4.52 122 22.0 25.695 369.8 2.024,
43.000 996.396 .563l 3000.0 -2150 962. 2.662899.0 2.027
4600 9064 .09 3760.6 -2315.9 969.9: 22.5 26.16336. 2.9

0900 906.803 I 3 370.0 -23901 3902242.999 366.0 2.033
000 30.00 .09 3030. -3.43 396.4 22.3 27.0 6. 2.036

07.090 909.201 .019 3099. -'236'.80 909.0 722.4 360.9' .3
48.0"0 194.239 .761 10339.3 -210.3 3 49.0 2.7 29.333 1 367.6 2.061
99.00 0 Mop.3 .49 1130.4 -210.09 3464.2 22.3 29:.610 366.9 2.04 3

14.2'. 20.935 30.1096 2009. -950.27 4.432 263.13.0 2.964 263.0 202.0 296.9 299.0 1.668 3.651



PRESSURE PROFILE DATA
SYSTEM 10UID BIPROPELLANT PC 300. PSIA PE 0.05 PSIA

COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0
DEG E GM/CC (KCAL/FORM.WT.)

2q8 H2.02 1.448 -44.84 68.
298 85-H9 0.620 +7.74 32.

BULK DENSITY 1.014 GM/CC
FIXTURE RATIO 2.125 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 340.76 EU/I00GMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 300.0 125.1 52.66 22.06 14.70 9.244 3.873 1.673 .680 .285 .119 .050 170.1
TEMP, PEG l 2845.2 2473.3 2144.4 1853.6 1729.6 1596.7 1369.7 1169.3 993.3 839.1 704.5 587.5 2597.4
ErTHALPY 1-1 85.72 111.53 133.94 153.35 161.48 170.09 184.49 196.81 207.30 216.19 223.68 229.95 102.96
CP .6994 .6883 .6746 .6595 .6520 .6433 .6243 .6053 .5860 .5664 .5458 .5253 .6920
IMPUL OPT 149.85 204.83 242.56 256.73 270.93 293.13 310.88 325.23 336.91 346.44 354.22 122.49
IMPUL VAC 230.09 255.72 279.71 289.49 299.58 315.85 329.17 340.08 349.02 356.33 362.29 225.58
EPSILON 1.053 1.595 2.779 1.67M 5.114 9.678 18.595 36.038 70.141 136.688 266.106 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 3C0.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .680 .285 .119 .050 173.5
TtMP, DEG K 2845.2 2576.3 2324.9 2188.2 2137.9 2083.0 1986.5 1897.3 1814.2 1735.9 1661.3 1588.9 2673.8
ENEhALPY 8-) 85.72 111.97 135.58 157.00 166.48 176.49 195.41 212.68 228.83 243.96 258.14 271.44 102.57
X BAR 5.b23 5.588 5.565 5.452 5.392 5.325 5.204 5.090 4.982 4.878 4.781 4.689 5.599
N 5.623 5.588 5.565 5.559 5.558 5.556 5.553 5.5S2 5.550 5.549 5.548 5.547 5.599
CP 1.1310 1.0382 .9596 8.6485 8.60U6 8.5092 8.2216 7.7774 7.1664 6.3947 5.4850 4.4904 1.0720
IMPEL OPT 151.13 208.27 249.03 265.07 281.63 308.91 332.34 352.85 371.03 387.29 401.96 121.08
IMPUL VAC 233.48 261.97 290.44 3C2.66 315.68 337.45 357.46 375.00 390.77 405.02 417.98 227.98
EPSILON I.C63 1.655 3.046 4.152 5.978 12.124 25.127 52.859 112.431 241.115 520.156 1.000

COMPOSITION SHIFTING INOL/103 GM)
132.60 P .OCCO .0000 .0cc0 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

l.76 H8m .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-47.13 8.HMC .7023 .,999 .4897 .3984 .3615 .3218 .2543 .1953 .1444 .1013 .0662 .0391 .6390

-135.32 6.H.C2 .9914 .9740 .9215 .8287 .7856 .7389 .6579 .5858 .5231 .4696 .4254 .3892 .9844
50.00 P.H2 .O0Cl .0000 .0CO .0000 .0000 .0000 .00D0 .0000 .0000 .0000 .0000 .0000 .0000

-45.00 B.H2.02 .UO00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
I1.00 H-143 .00C1 .0000 .Oco .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-23h.60 ti-H3.13 .00GI .0001 .ol0o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
5.74 8.0 .0459 .0231 .0C97 .0059 .0049 .0040 .0026 .OOtb .0010 .0005 .0003 .0001 .0304

-84.00 B.12 .02LI .0112 .0052 .0034 .0030 .0025 .0018 .0013 .0009 .0006 .0004 .0003 .0141
199.30 P2 .0000 .0000 .0CO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-111.60 82.02 .1177 .1105 .0985 .0787 .0697 .0601 .0443 .0310 .0202 .0120 .0062 .0027 .1136
-210.10 32-O3 .26b7 .3517 .4553 .4624 .4534 .4417 .4146 .3821 .3431 .2981 .2472 .1915 .3187
-541.69 P3.H3*C6 .0OCO .UO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 H .0895 .0512 .0254 .0189 .0173 .0156 .0127 .0103 .0082 .0064 .0049 .0036 .0639
9.35 P.O .0916 .U005 .0001 .0000 .0000 .0000 .0000 .O000 .0000 .0000 .0000 .0000 .0007

.00 H2 3.2023 3.3377 3.4774 3.5918 3.6388 3.6891 3.7743 3.8480 3.9109 3.9631 4.0048 4.0361 3.2870
-57.80 T2-0 .1834 .1279 .0131 .0636 .0575 .0513 .0418 .0348 .0298 .0268 .0255 .0265 .1473
59.56 C .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 C2 .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-305.34 M2-03/C .OOcO .0000 .OCOO .1071 .1658 .2310 .3490 .4613 .5684 .6703 .7668 .8578 .0000

-98-



I

I1STEM 11t;0100 EO:89ELLA 10 99.1P00*11 PT .0,5 ESIA

I
I ~ ~~Co.PNN 4 F F MUL EtNS1I T~lFOM . 0#

DES X GM/CC OKCAL/FO9M.M.0I

"298 "•6T2 0.:44 -44.94 69.
098 85", 0.620 I9.94 92.

FMOIEN EXPANS'OO
STAR - 5949.2 FT/SEC

EPSILON PC/P P PS0 TE.P ENT.ALPY CP CAL 0I OPT DEL;AC DE0V9C I SEA I At I AT I VAC CF SEA CF VAC
CoG 4 KCAL/10008 tI OFSG IP 49L t0000 40000 LVL

I .Loo jo0.ooO 284S.2 -85.12 .490

1.000 1.:6, 0/O.OOT 2511.4 - A02.94 .590 122.5 103.1 .406 238.9 219.4 224.5 225.4 1.192 1.241
2.020 0.TT6 34.942 2002.0 -142.94 .449 229.4 93.2 t.25T 2*9.3 253.T 264.4 244.6 0.345 1.444

J.0U0 05.255 04.T6 08.5 -055.4T .15T 246.T 0S.9 0.122 255.9 ?26.9 2T9,4 292.5 0.402 0.554
4.000 23.036 13.C22 0 94.5 -101.T7 .650 260.6 31.6 2.427 26T.) 299.0 292.2 k.460

.o00o0 T.414 9.402 1605.4 - It9.I .I44 290.0 28.9 3.032 293.9 296.9 1.644

A.000 90.TOO 1.544 053.9 -OTT.94 . 799 2TO.0 2.91 3.494 2. 3.0 1.42
0.00uo 50.474 5.932 1-0.9 -109.52 .694 Z. 2 9.4 25.5 4.29%S. 99.0 0495

00.000 90.74, 0.294 0329.0 -080.08 .641 219.0 20.9 4.121 30T.B 909.2 1.153

12.000 1-.7177 2.8634 000.4 1 F8.7 .618 209.5 20.0 1.947 308.0 320.4 3.049

0 a.000 014.919 2.444 02T5.5 -010.09 .:04 301.1 20.4 8.004 39084 322.2 0.2:2

14.000 129.140 2.022 0252.8 -090.70 .400 309.7 20.0 8.433 )09.0 3.T t.,9I

04.000 040.431 2.42. 0292.0 -099.00 .402 305.5 09.46 9.242 309.9 32S.0 T.1%

04.000 05I.70i 0.95d L202.9 -104.17 .640 307.2 19.2 9.M33 900.4 329.9 3.13500.000 085.334 0.704 0005.0 -005.24 .40 8.08 . 08I .8 00.402 309.9 329.5 h.900
03.000 077.907 0.487 001T. -004.25 .604 300.0 06.5 a0.91: 328.4 0.80,
19.000 M0.466 1.575 0040.2 -191.1O .4 0 1 08 I. .2 00.520 329.6 0.813
20.000 204.457 0.96? 0043.7 -090.04 .40T 002.4 17.9 02.973 330.5 0.806

22.000 297.129 0.270 0022.0 - 009.45 .400 004.9 07.3 09.443 992.2 0.92313. 14.1 o'930:

,*,020 247.7/0 0.200 0000.0 -200.30 .•90 005.8 07.0 16.1004829 .3

/S.000 207.70• 7.082 0077.5 -210.77 .591 309.9 06.4 05. 739.3 0.839

27.0v0 807.0• .67, 0047.0 -202.94 .500 309.4 04.2 04.429 5.4 10.8446

t9.000 307.07* .090 004M.0 -204.04 .690 320.9 05.9 07.046 336.9 t.M42

30.009 3205 .5 004 -0.3 .9 320. 049 844979 095
3L.00.0 007.147 .403 0000L.2 -205.00 .590 322.2 05.4 09.000 939.9 1.854

02.001 070.027 .7"1 007.0 -205.4 . 022. 15.4 09.608 936.3 0.N40

30.000 8,4.7'0 .744 0005. -204.00i .M 029)?.5 05.3 20.075 036.8 0.8631..000 400.47q .121 000 -214.45 .579 124.0 05.0 20.7•0 399.2 1.846

o4.oo~o 0.O7, . 7o0 007.4 -267.00 .404 325.2 04.9 20.606 090.0 0.970

07.000 457.o•! .64 074.9 -207.48 .5 025.7 09.6 990.5 0.893

Oo.0o0 974.0,0 .772 910.2 -209.07 .580 026.3 04.8 90.047 040.9 0.975

40.000~I' 96.9:5104. 0.. .48 027.2 04.42.34 05.I .7

4009 2.75 .7 04. -209.05G .58 327. 04. 25.02 942. OO 0 0.98

900060.*7 O.5O09 050.0 -200.80 .0 72. 0. 4.0 324I.9

44.002 60.202 T .507 466].8 -L20 .07 I O Z Il . ~ ..690 020.0 04.0724.053 390.0 1. 896lle

V.000 1.000 .S5O 009.9 -200.9O 1.97. 34. . 1 7.889"4,o00 ).0'2 2:.989 904.2 -2"00.7 .571 0?2.6 0491 27.29. 943.4 1 . 90.

47.000 477.0/3 1.47 923.2 -2 0.07 .7 390. 03. 26.946 0099. 1 .961

49:.00 60 .940 026.0 -200.02 o.578 390.4 03.4 2.434 994. 2 .. 693

4.000 44.260 1.94 900.4 -200.40 3.37 330.9 0. 3%.080399.0 0,995
40.200 46.900 b.*90 900.3 -200.87.5 7 0.3 0.9 03.4 30.757 3 44.79 0.994

1.479 20.4 m 0.76 102. -3 9 .452 256.7 32.9 Z.119 254.2 24•6. 25. 299.5 2 .592

"57084 .57.9 .T.S.

70S9O O "I 6500 T 711.4 - F 0I6 0400 011. 3 10. 4.AC 47".T 0 2 4 OS F AC

01.000 06.720 0.900 2670.5 -020.47 0.002 02. 004.•3 1:.!2 220.7 22.9 28 0.9 0.

2.000 9.000 7.050 22441.0 -093.09 224.0 47. 9 2 53. 249.7 324.4 290.9 9 0
3.0t 734 2.9 29. 065 4. 40.4. 0.154 242.5 299 .9 294.4 299.8 1.420 0.548

4.,000 09.490 06.00 2040.6 -204.38 23.) 9 38.0 2.468 245.0 279 297.0 300. 0.494 1.690
5.000 24.074 00.559 2099.0 -070.98 9.459 2T8.8 94.9 0I.09 277.8 909.5 0.404

4.000 2.4093.210 2092.4 -004.00 ?9.0 290.9 99.0 0.497 300.5 3205. 0.909

7L.00 30.770 7.59T 2640.4 -0 .28.45 2.8.2 32.9 4.939 109.4 920.0 0.990

6z).00o .0 4.74020 3.8 0940.P77 -,99 293.4 30.9 4.9.2 706.8 325.3 0.940

0.,000 444,0 5 .9h 04 2024.1 0971.94 9.940 299.0 89.9 .0 900.4 3296.0 0.990

t0.000 12.0-1 1.90 .9 090.54 8.909 302. 0 30:.0 920.1t 932.2 0.797

00.000 40.06 4.326 0999.0 -092.99 8.70 05.5 2.5 6.29 323.4. 3:5.0 0.812

t2.030 67 2 711 .60 0987.9 -064.05 9.227 009.4 23.9 a.?0, 324.9 375 0208.000 94.474 0.)55 0911.4 -397.00 8.090 300.0. 29 %8.04. 3. 939. 10.99

04.00o 92.94, i.227 0946.0 -399,0 8.048 910.9 28.) 3020323. 341.0 1.591

34.000 000.347 2.950 0950.5 -200.42 9.009 30e 4 4.2 2T l 9. 5 29.9 9492.9 0.640

.000 00.9 2.7 090.4 -202.08 9.0 90.8 29.9 .0 .00 329.4 945.1 10.9

02.000 200.T3 : 2.16 0944.0 -2 18. 094 320.8 27.0 00.51 3:41.3 0.89

39.000 005.230 ' .003 10930. -2?06.24 9.9 323.9 24. 9 929:.9 3S0. 0.94

20.00 095.400 2.08 0029.01 -2C07.9 7.930 325.4 24.2 12.510 330 .2 3 4.90

20.00O 050.571 0.914 0909.4 -2 10.57 7.400 024.9 24.0 09.030 39.5 35.9 0.49s

22.00 00.0 ' .7 00 2. 129'45 T.6 7 326.4 25. 0128 00 .7 5.0 0.934

23.000 060.000 0.795 0907. -_210.4 1.839 29.7 24.4 0ý 390.85 35.12 0.922

24.o00 076.000 0.00 00027* -200.49 18340 931.0 ?5.3 9 4.865 56-.3 0.929

25.000 Ill.860 .730 1099.0 -202.59 9.990 5332 .2 2 5.04.409 3T. .993
24.000 702.95 .554 0993.0 -200.45 7.95 039.9 25.3 04 359.3 0g998
12.090 202.045 0.93 3959.9 -207490 7.725 04*.5 24. 9 04.10 389. 0.

29.000 200.090 0.920 0894.7 -205.00 7.49 095]4 .5 24.6 09.359 969.2 0.948

29.000 220.400 .750 0890.7 -235.90 7.612 941.5 24.5 39.00 93.9 0.953
00.000 2. 0.704 386. -206.5 76 361.8 0.958

03.030 290.41D 0.253 0843.0 -207.36 9.420 039.4 04,.2 09.9,.4 042

92.00o 28005 0.205 0949.4 -209.08 9.504 3109. 24.0 39. 363.9 0.9

I900 2S*%3• ,1.20 1869.S 2?? 7 *5 6 I•. 12* 304e 373* 6,

3:.000 28.0T0 0.161 086•.0 -239.74 7.510 940.2 23.9 20.439 3944.2 0.994 .. 210.035, 0.9 2099. -220L9:.04 1.52 4. 23. 20.9006 944.4 0:9915

I
30.0. 294.000 0.09 094.2 -20.64 2.500 3 23.4 22.550 864.2 0.989

)100 35.147 .952 0847.7 -7222.99 1.435 344.9 29.ý3 24.45 4.1 3.9

40.040 924.111 :924 0849.4 -222.94 1.413 945.5 3. 2501 94916.9 0995
4.1.000 :q 93399 T39 089.9 -229.97 1.9392 3464.2 29.0 2. 6"9 349.9 T.99.

42.000 949.2106 .994 0309.0 -223.93 F1732 3 46.8 23.0 24.29464. .9
49000 352.49S .850 1396.4 -2224.48 9.9350 3 49.5 22.9 26.'942 9909:8 2.09

45000 7 3090 .9 3904 -254 1 . 30 3,49.9 2 2. 2 9. 09 993.4 2.909
4600 3W.049 .980 0829.2 -225.92 9.292 349.2 22.4 28. 86 97. 0.91

43.000 909.090 .791 3969 -2.3 .0 49.8 22.4 29.26 392.9 2.0914
4800 9800 .5 94.4 -24.9 9.7:254 949.4 22.5 29.84 392.8 .4

4900 40.9 0 823 -2.29 1.236 350.9 22. 90:.609 393.9 2.020

60. 000 401:051 to2 380.2 -229.79, 19.211, 063.9 2. 9 099 9133 2.922
4.0" 2 0.40T4 t4.149. 2337.9 -0166.98 8600 1 265.3 99.46 2.550 295.0 224.4 298.3 302.?7 0.434 0.4397



PRESSURE PROFILE DATA

SYSTEM LIGUID BIPROPELLANT PC 300. PSIA PE 0.05 PSIA

COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0
DEG K GM/CC lKCAL/FORM.WT.)

290 H12.2 1.448 -44.84 70.
296 85.19 0.620 .7.74 30.

BULK DENSITY * 1.034 GM/CC

MIXTURE RATIO * 2.333 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 338.61 EU/1OOGMS

CHAPBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .680 .285 .119 .050 169.9
TEMP, DEG K 2957.5 2515.4 2237.2 1937.7 1809.9 1672.6 1438.1 1230.7 1047.8 887.3 746.8 624.5 2702.7
3T4THALPY I-) 8e.60 114.81 137.61 157.39 165.69 174.49 189.23 201.87 212.66 221.82 229.56 236.05 106.13

CP .6915 .6799 .6672 .6528 .6455 .6367 .6189 .5997 .5805 .5609 .5405 .5198 .6844
IMPUL OPT 151.01 206.49 244.63 258.97 273.36 295.88 313.91 328.52 340.44 350.19 358.16 123.50
IMPUL VAC 231.93 257.90 282.22 292.13 302.39 318.94 332.51 343.66 352.81 360.31 366.44 227.34
tPSILON 1.054 1.598 2.788 3.693 5.140 9.745 18.762 36.432 71.056 138.775 270.786 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .680 .285 .119 .050 172.8
TEPP, DEG K 2957.5 2689.6 243E.9 2196.3 2133.2 2075.9 1974.2 1878.7 1788.3 1701.9 1618.9 1539.1 2785.6
ENTHALPY I-I 88.60 115.27 139.32 160.95 110.33 180.61 198.89 215.87 231.67 246.38 260.09 272.88 105.83
X BAR 5.4b8 5.445 5.415 5.3q6 5.346 5.279 5.157 5.041 4.931 4.827 4.730 4.639 5.460
N 5.488 ý.445 5.415 5.336 5.394 5.392 5.390 5.388 5.386 5.385 5.3864 S.383 5.460
CP 1.2015 1.0946 .9924 .9014 7.3294 7.0479 6.4111 5.6898 4.9533 4.2742 3.7041 3.2635 1.1347
IMPUL OPT 152.32 210.05 250.89 266.65 282.93 409.75 332.74 352.79 370.50 386.25 400.40 122.42
IMPUL VAC 235.44 264.36 291.73 303.63 316.41 338.16 357.35 374.40 389.66 403.39 415.82 229.82
FPSILJN 1.064 1.659 2.978 4.047 5.827 11.801 24.392 51.128 108.260 231.026 496.041 1.000

COMPOSITION SHIFTING IMOL/100 GM)
112.6( 8 .0000 .0000 .0000 .00nO .0000 .0000 .0000 .0000 .Cooo .0000 .0000 .0000 .0000
114.76 B.H .0000 .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-47.13 *-H*C .5428 .4519 .3547 .2556 .2196 .1841 .1268 .0820 .0492 .0271 .0137 .0063 .4859

-145.32 P.H1.2 1.1660 1.1911 1.1907 1.1648 1.1319 1.0928 1.0264 .9673 .9124 .8561 .7920 .7140 1.1847
66.C0 B*H2 .00c1 .0007 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-45.00 0-H2-02 .0C0U .0000 .0Coo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.00 P-H3 .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-238.60 3.m3-03 .0002 .0001 .0001 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002
5.74 AC! .0512 .0272 .0120 .0041 .0030 .0022 .0012 .0006 .0003 .0001 .0000 .0000 .0349

-34.0 e*.02 .0346 .0217 .0117 .0052 .0043 .0036 .0027 .0019 .0013 .0009 .0006 .0003 .0261
199.30 82 .0000 .ooo0 .0coo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-111.60 82.02 .0684 .0594 .0479 .0343 .0279 .0214 .0122 .0062 .0027 .0010 .0003 .0001 .0630
-210.10 62.03 .2214 .2618 . 3547 .4380 .4323 .4109 .3634 .3080 .2474 .1861 .1296 .0830 .2583
-541.69 83-H3-06 .00GO .0000 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 H .1229 .0763 .0415 .0190 .0162 .0143 .0112 .0086 .0063 .0045 .0030 .0020 .0921
9.33 H-C .0044 .0016 .0c05 .0001 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0024

.00 H2 7.9621 3.0895 3.2175 3.3420 3.3860 3.4289 3.4970 3.5491 3.5864 3.6109 3.6256 3.6337 3.0426
-57.80 F2-0 .3143 .2447 .1834 .1330 .1249 .1203 .1156 .1168 .1245 .1401 .1649 .2001 .2694
59.56 3 .00e1 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 C2 .0000 .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
"305.34 82-.0/C .0000 .0000 .0co0 .0000 .0477 .1135 .2330 .3471 .4555 .5580 .6541 .7438 .0000
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SYSTEM LIQUID MIPPOPELLANT PC D00. PSl8 PE O.OS PSIA

COMPONENT TIEF FORMULA DENSITY HEAT FORM AT. Old
BEG R GM/CC I KCAL/FOM.8T.8

298 U2,0? 8.448 -44.4 TO.
298 85*A9 0.620 *T.06 30.

FROZEN ERPAN$! @N

EPSILON PC/P P PS6A TEMP ENTHALPY CP CALl I OPT DEGUAC DOLUAC I SEA I AT I At I VAC CF SEA CF VAC
DEG K KCAL8IOOGM GM 000 29 LUL IO8UU ST800 LVL

18.000 3U0.OUU 2957.5 -88.60 .690
l.000 1.022 :69.944 :T02.T -806.13 .689 123.5 S03 .611 288.4 22l.1 226.3 223 1.191 1.40
2.000 8.890 34.433 2102.3 -166.58 .661 220, 43.0 1.261 250.2 285.A 264.6 268.8 8.365 8.466
1.000 15.11.4 83. 8000.8 -8759.60 .R58 248.6 36.3 8.0 230.9 266.1 211.1 204.9 1.40? 1.544

4.000 22.093 80. 804 80075. -880.98 .043 262.0 32.1 2.44 2 269.6 290.6 294.? 1.608
0.000 318.62 9.496 8603.6 -1T3."9 .637 202.2 29.3 3.050 296.4 301.6 1.641
6.000 40.428 T.921 1612.. - 17. 31 .631 209.4 20.4 3.608 300.9 306.8 1.609

5 T00 50.816. 5.987 8054:.0 -808.0 .628 28.0: 25.9 -. 32 303.5 310.9 1.,693 8.000 I0.838 4.989 8906.5 -194.3T .62, 289.6 24.T y4.946 305.8 384.2 1.1E4
1 3.080 ?0.8? 4.203 8'4653, -IOT.54 .828 293.4 23.01 5.36 300.6 380.8 ... 30

10.000 do.034 3.735 1429.3 -109.00 .488 296.1 20.7 6.820 309.81 , .S 8.043
11.000 98.826 0.261 1397.4 -858.04 .685 233.6 22.8 6.008 310.1 328.0 8.045
82.800 23.6098 2. 60.94 1389 -843.49 .613 302.1 28.5 7.426 310.9 323.6 8.069
8,3000 8841680 2.593 8343.8 -830.06 .610 304.3 20.9 0.008 388.5 324.3 8.09S
L8.O00 820.8"1 ,04T 8139.0 -816.49 .600 308.4 20.4 9.004 382.0 326.8 l.TM3

80.000 819.915 243 1898.2 -197.80 .606 908 0 20.0 9.32 11382. 32*.2 81.90
84.000 :52.308 8.9073 8208.4 -839.00 .60U 309.9 89.4 9.589 382.6 329.5 8.090]
80.000 864.00, 8.828t 8240.0 -200.80 .603 388.5 89.2 8(0.496 382.0 380,.T 8.806
89.000 8?05.908 8.T05 8142.9 -208.88 .608 382.3 88.8 88.055 338.0 1.680
18 .000 8 180.25 1.51, 8226.3 -202 .0.09*S9 314. 2 88.3 18.6 8 3'32. 8.189

/0.000 208.908 8.oUR 8288.9 -202.99 .098 385.0 88.2 82.200 333.0' 8.920/8.000 280.320 L1."3 8890.8 -208.83 .596 816.4 80.9 12.98 1 34.6 8.020

22.033I 200.198 8.008 8054.4 -20'4.8) .53% 010.0' 80.0 83.566 330.9 1,830
23.0180 2o4.96 8.220 8808.8 -200.38 .534 380.0 10.4 84.286 336.2 8.834
,U4.000 219.04 8.:85 8855.8 -_26.09 .:93 819.0 80.2 84.862 336.3 1.838
25.005 1 .2 1 .036 1148.0 -206.08 .5981 30.8 10.0 85.062 330.6 1.142
2E*000 289.676 8.040 8830.6 -200.48 .090 '12.5 86.0 86.830 330.3 1.M25
20.000 803.888 .930 8017.2 -?08.02 .589 322.3 86.6 86.066 330.9 1.849
28,O00 318,.30 .90 8880.3 -28..60 .509 323.8 1 6.4 18.3ml 334.5 I.M52
29.000 302.008| .402 1188.9 -209.86 .590 03.3 86.2 80.'00 340.8 a,0530.000 340.504 .868 8090.0 -209.69 .546 324.6 16.8 18.8,00 340.6 8.:848.0000 280.416 .828 8090.0 -200.2? .995 325.3 85.9 89.193 348.2 8.068

02.002• 0 00.02 .034 8088.6 -280.49 .584 025.4 84.0 89.00l4 3'48.0' 0.64
39.000 8*.1.502 .064 8003.5 -288.80 .583 328.5 85.6 20.353 342.8 8.96634.000 4C4.84% .08 8085.0 -281.62 .588 320.8 84.4 20.525 363.0 8..6l
85.003 4201.40 .01183 8ý8, -282.06 .5:; 320.0 80.3 28.098 663.0 8.801
2c.000 495.k0, .03• 0 8050.3 -282,40 .088 328.3 5. I 72.02, 843.0 8.804
00.000o 4530,10 .64 888880 -272.85 .500 329.8 85.8 22.623 343.9 8.0061 .030 3470.S5 .02 8030.8 -288.26 .903 329.8 14.9 23.204 344.3 18.80
3.O 0• 0 8 4 .80 .020 8030.5 -|03.60 .503 139.9 10.0 23.922 3400, 8.880

40.000 528.708 ,.533 8024.0 -080.04 .008e 330.0 8..? 20.508 340*.8 8.002

6,2.000 505.52• .50 8088.0 -280.00 .506 338.3 18.5 25.860 340.8 .80

90.00'o 552.,0o6 .54 Oou'j,9 -085.00 .500 338.0 84.0* 26.580 34.86, 8.80844.0,2 519.804 .524 8003.2 -085.48 ,505 8. 8.3 20.80 S546.6 1.990

45,2*u 500.00? ,S80 984.0 -285.03 .508 382.0 80.2 20.809 34,6.8 ,8892
06.000 405.5481 .049 803.) -28lb.O0o .504 338.0 84.8 2 8.452S 340.8 8.89341,0.0 6,0.05 .408 904.*0 :1. 84 .503 333. 8 140 3.90:4 340.0 1..90

09.000• 440110• .068 908.9 -286.65 .502 1330.0 88.9 29. 034 348}.0 8.090q

46.0o0 63.08-5 .955 300.9 -216.02 .502• 30.8 13 0.302 340.9 8.989

3.60• 20.-74 18.01 891-.7 -615.,3 .S46 231.0 3.2 2.2516 209.0 269.0 2883 292.8 8.413 1.594

C STAR - 6000.8 P82480
0058708 0080 F P500A 0030 04006L08 00' 0608/ 8 TOO 878 O TLAC 8[i& SEA6 I AT I AT I HAL. CF 084 CF HAG

06$• K 00.36/800GM GO [TEG /P LUG 800600 0000 Loit

8.000 8.0•o 80.0 0005.6 ?PS~ -805.58 8.835 822.0 800.8 .622 200.0 223.4 228.8 229.6 8.232 1.1832.000 1.'08 30.8 1 2345.8 -740.84 236.1 40.0 1.288 25.3 2 2 24.1 .369 1.0
0oo3o 13.318 28.003 2894.5 -868.85 258.0 40.0 8.865 264.6* 302.9 2R8.3 292.0 8.489 1.564
4.ý03 20.887 80.183 2885.2 -169.33 206.8 33.1 2.489 266.6 200.6 298.9 303*. 8.430 8.626
5.0.0 35.j10 I 0.0o 200.4 -80 .83 206.0 3 4.8 0.186 209.2 30.9. 381.2 8.669
0.0(0 0.8.0• •.9,8 2 01.S -888.48 0.020 204.2 38.2 3.088 311.0 380.4 8.002

,o000 .o.8.oo.85, 2023.3 -84,00 4.004 205.02 2.B0 5.029 380.8 326 11,08,

4.*000• 56.08 8.8•*20 3082.0* -042.00 6.4603 00.8 30.8 5.665 320.8 330.2 8.001
80.000 •4.080 8.080 I893.8 -180•.00 0.500 303.3 29.4 6.202 322.0 333.0 .706038W.000 8 5'6 4.1-9 1833.0 -800.85 6.603 800.3 28.9 6.000 324.4 3369. 1.003

82.000" 09.726 0.038 1730.3 -800.03• 6.394 880.8 28, .3 0.60 )32.9 338.6 8.086
83).600 00.012 3.04 7948.01 -208.25? 6.880 083.8 20.8 9.823 320.8 340.*9 8.828
84.000• 36,280 3.810S 8058.2 -203.04 6.245 385.5 20.4 8.052 320'.9 342.3 1.839
85.000 800.484 3.859* 8448.0 -200.68 6.000 380.0 20,0 9.`452 328.0 344.8 8.044

86.000 880.602 0.639 0308.2 -300.28 0.883 889.0 26.0' 80.800 329.3 34*6.6 1.080
80.000 822.086 2.030 89S.1 -210.69 4.053 321.9 26.4 10.026 3.29. 8 341. 2 1.800
8.0 837.808 0.200 0000.0 -208.36 5.396 323.4 26.1 88.330 330.2 345.0 1,80

13.030 883.001 2.840 8984.0 -280.21 5.342 825.3 25.8 1.a020 336.6 31.9 1 8.082
.2.010 184.088 1.028 0334.0 -288.83 5.830 320.8 25.5 82.48 2930.8 302.0 1.990
8.000G 056.880 8.812 I80.0 -202.50 5•.048 328.3 25.3 8 3.235 9 320. 343.6 1.896

22.000 865.24 0.885 8318.8 -283.55 5.094 029.0 25.8 83.010 311:2 344.8 8.90223.000 803.000 0.020 806.2 -284.55 8.0434 038.0 24.3 84.t390 9384 3I4.9 1.90M

24.000 L00.084. 8.457 8980.8 -285.58 4.}036 332.3 24.0 84.949 390.0 8.984

35.000 830.078 1*S00 75.0 -216.42 5.665330.5 26.0 15.562 348.6 *8.19
2:.000 200.7181 .49- 1bO.? -2187,9 5.620 334.6 24.3 86.220 358.3 1.825

0.000 203.086 8.030 0060.9 -28,88 5.480 335.' 24.8 86.980 3 909. 8.329
it.000 1.042 880.9 -223.05 5.026 3.9 23? .0 322.88 360 1.96
30.030 300.453 .0.4 8820.8 -212.03 1.210 347.4 22.0 28.|354 361.2 1.969
18.000 80.236 .344 8828.3 -2,0,4U 5.2451 847. 22.0 24.028 3603. 1.90233.00 32448 .300 8826.0 -226.05 :.,13 395.0 22.6 4. 6 319.3 36 1.904

00.000 3 06.603 1.831 8080.0 -286.53 5.841 346.5 22.5 25.203 369.0 1.909

01.000 34.833 .0448.0 -220.80 5.39 3241.0 22.4 2o.89? 369.4 1.941
9 I.003 355.93 I .43 0000.8 -220.01 5.005 340.9 22.3 261.349 300.1 I.9M7

03.000 305.539 1.821 0883.0 -288.3., 0.122 349.0 22.2 27.102 300.0 1,986

44.000 335.025 .800 0896.2 -228.50 5.80:4. : 1:.2 0 2 0.699 30 E.1 1.896

05.000 384.890 .006 7800.5L -229.45.000 . 31 43.5 22.8 28.290 318.6 8.993•
46.00 358.003 .0962 0800.9 -229.63 5.006 350.0 22.8 29.876 372.1 1.995
490.60 403.254 .904 0030.3 -229.34 5.035 350.0 21.9 294903 302.6 6.948

50.000 40.003 .3080 1384.0 -23.1 4.503 1 3.2 28.0 31.560 373.9 1.089

4.040 20.404 14630. -180.33 0.323 260 304 2 .? 2 770 2.9143 3 :03. 8 .4 88

2 3.000 1 1 .5 t)2 1.72 186 - 2 - 214. " 5:714: 1,1,1: 21:1 ý?.6 - O 331.. 98 0,
`4600• :81.C0 .651 18(00.8 *-?9*48 I *5 3. 1 1o ?O.? 7. ,8

`4*00 '1 '1 35411: 44 1.18. -?2l-2' 5.0335 333.5 21.5 1843 3756 1*9

4900 2L}'4 *?1.91 .1 -21.0 *961.29 71,1 0. 1• 6?° 2.09

0 .00 " 0.1 8 : -4 7 1.4 -315.121 5.SS 336.7 24.0 3I lS6 360.? ":*005
ýC*00:* 2 !,114 L66 31. 3. 2 l. 1 ! ;0.413 S.4)81 JI.B 1. ?56.? 27?. 18. 20 1.0 1.943

31.~ ~ ~ ~ ~ ~ ~ ~ ~ ~ "0 -.0 .9: -2.. .. t. 36314

I
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PRESSURE PROFILE DATA

SYSTEM LIQUID BIPROPELLANT PC 300. PSIA PE 0.05 PSIA

COMPONENT TREE FORMULA DENSITY HEAT FORM WT. 0/0
DEC K GM/CC |KCAL/FORM.WT.)

298 H2.02 1.448 -44.84 72.
298 85.H9 0.620 *7.74 28.

EULK DENSITY * 1.054 GM/CC
MIXTURE RATIO * 2.571 LB OXIDIZER / Le OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 336.07 EUIIOOGMS

CHAMBER THROAT

FROZEN EXPANSION
PRFSSURF, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .6b0 .285 .119 .050 169.9
TEMP. OEG K 3053.2 2663.2 2317.5 2C11 .0 1880.0 1739.3 1498.5 1285.2 1096.6 930.6 785.0 65T.9 2793.1

NTHALPY (-) 91.48 117.90 140.92 160.92 169.33 178.25 191.22 206.08 217.08 226.45 234.37 241.04 109.15
CP .b822 .6719 .6593 .6455 .6382 .6296 .6124 .5930 .5739 .5540 .5342 .5136 .6757
IMPUL OPT 151.61 207.39 245.79 26C.25 274.15 297.50 315.75 330.56 342.66 352.58 360.71 123.98
IMPUL VAC 232.92 25q.11 283.66 293.60 304.06 320.82 334.59 345.91 355.23 362.88 369.15 228.26
EPSILON 1.054 1.600 2.797 3.707 5.165 9.809 18.918 36.802 71.909 140.716 275.103 1.000

SHIFTING EXPANSION
PRFSSURF, PýIA 3GO.C 125.7 52.66 27.06 14.70 9.244 3.813 1.623 .680 .295 .119 .050 173.5
IEMP. DEG K 3053.2 2785.2 2530.6 2284.3 2171.2 2053.3 1945.9 1845.5 1751.5 1663.4 1581.1 1504.1 2882.6
E:.THALPY (-I 91.48 118.36 142.63 164.49 173.91 184.07 201.08 218.38 233.68 241.88 261.09 273.40 108.71
X 8A4 5.354 5.304 5.266 5.241 5.233 5.218 5.094 4.976 4.865 4.761 4.663 4.572 5.321
N 5.354 5.304 5.266 5.241 5.233 5.228 5.225 5.223 5.222 5.221 5.220 5.220 5.321
Cp 1.2620 1.1416 1.0143 .8950 .8431 3.9482 5.0863 4.6133 4.2233 3.9128 3.6647 3.4396 1.1871
IMPUL OPT 152.91 210.95 252.03 267.79 283.81 309.91 332.26 351.72 368.86 384.12 397.82 122.43
IMPUL VAC 236.43 265.57 293.10 304.47 316.45 337.56 356.16 312.66 387.42 400.72 412.77 230.75
EPSILON 1.065 1.662 2.992 3.999 5.657 11.439 23.593 49.360 104.401 222.777 478.825 1.000

COMPOSITION SHIFTING (MOL/103 GM)
137.60 e .O0co .0000 .Oc0o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
114.76 BH .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-47.13 8*H.0 .4033 .3241 .2429 .1638 .1296 .0957 .0582 .0332 .0178 .0091 .0044 .0021 .3538

-135.32 B*H*C2 1.2847 1.3430 1.3857 1.4128 1.4210 1.4213 1.3470 1.2666 1.1760 1.0721 .9555 .8285 1.3231
66.00 H'*i2 .0000 O.co0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-. 5.0O t.-H2.02 .0000 .0000 .OCoo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.00 E.H3 .00Co .0000 .0c00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-238.60 PIh3*03 .00C4 .0002 .0C02 .0001 .0001 .0001 .0001 .0001 .0001 .0000 .0000 .0000 .0003
5.74 S-C .0516 .0280 .0126 .0043 .0023 .0011 .0005 .0002 .0001 .0000 .0000 .0000 .0358

-- ý4.00 8-2 .u525 .0356 .0211 .0105 .0070 .0043 .0030 .0020 .0013 .0008 .0005 .0003 .0417
* 19).30 62 .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-111.60 62072 .0382 .0304 .0220 .0136 .0101 .0067 .0030 .0012 .0004 .0001 .0000 .0000 .0334
-ZIO.10 82-03 .1736 .2122 .2549 .2988 .3180 .3303 .2690 .2082 .1528 .1064 .0703 .0442 .1973
-541.69 P3.3"H36 .00C0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 h .1550 .1019 .0592 .0288 .0190 .0117 .0086 .0062 .0043 .0029 .0019 .0012 .1205
9.33 H-1 .0103 .0044 .0C16 .0005 .0002 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0062

.00 P-2 2.6891 2.8027 2.9128 3.0137 3.0555 3.0956 3.1319 3.1656 3.1824 3.1919 3.1970 3.1996 2.7608
-ý,7.80 H2-O .4949 .4214 .3535 .2944 .2706 .2510 .2661 .2924 .3296 .3772 .4332 .4956 .4481
59.56 0 .0004 .0001 0CO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002

.O 02 .COCO .0000 .OCoo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-365.34 82.03/C .0000 .0000 .0000 .0000 .0000 .0098 .1316 .2475 .3572 .4605 .5575 .6484 .0000
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S53Y40 LIQUID 00POPLL18T PC )00. PSIA P, 0.05 0S0I

(782N344 I0EF FORMULA 04SITY H99AT FORM WT. 5/0

0EG X G02CC I9C8L/FB2M8.80.

290 s2.02 1.440 -*4.04 92.

FROIEN EXPANSION6

C STA0 - 5921.0 FT/SFC
6/91004 pr/2 P SIA 0E0P FN69/2PY C6 CAL/ I OPT 982v98 0ELVAC I 598 I A0 I i0 I V'C CF S APV8C

DEG 6 CaLI/1OOGM Gm DIG IP 000 10o00 o0000 L0
1.000 000.000 9039.2 -91.40 .682

1.0~0 I..66 169.92. 21 9..I -909.05 .606 A29.0 00.9 .61. 219.2 122.9 221.2 228.3 1.000 &.249
2.000 0.92 39.690 2200:.9 -149..0 .959 225.9 99.1 1.202 251.3 256.9 261.9 200.0 1.36S 1.466
.000 15.049 19*064 291.2 169.10 .994 299.6 06.0 1.89% 259.2 261.9 283.1 186.3 1.408 1.555

9.000 22.003 19.1.1 2646.6 -101.56 .634 269.8 32.4 2.900 210.9 292.0 296.2 1.609
5.000 91.09 9t.65 15,2.5 -1T7.49 .690 219 .4 29.0 9.01 200.3 303.1 1.646

':001 4.1*1P T.6T. 1699.5 120 .626 200. 200 0.002.0 998.9 1.415I"I.002 49.190 6.029 1620.4 -225.99 .6111 86.3 26.2 4.845 905.1 912.5 1.691
9.002~ ~~~~ :160 IS02 1420 -0.6 .1 209 2. .600.4 905.9 1.116'0,* 311.16 1.7319 .02 9250 .14220.0' -292.90 .,IS 299.8 290 5.6 093.3 318.0 .9

10.010 11.502 9.160 1931.9 -293.69 .612 190.1 12.2 6.115 980.8 121.3 1.0'5
I1.000 90.960 9.200 19'9.2 105 .69 . 00.0 22.4 6.901 911.9 329.4 2.151
12.002 112.649 2.923 2422.0 -13T.41 .607 329.6 21.8 1.456 912.0 325.4 1.767
l3.OoO 114.590 7.612 1490.0 -119.01 .604 905. 22.2 0.105 313.9 920.1 1.?17
16.200• 122.3 J2.300 1319.2 -200.46 .602 901.9 20 8.142 321.7 928.6 1.185

15.00 100.01 1 16 290. 2 1.' .00 00. 2059.9602. 932 203
It.200 100.091 2.02? 1999.2 -209.02 .596 911.5 29.9 9.960 824.0 931.9 18.0
10.200 292.46 2.900" 1310.9 -2C6.19 .596 1ý1.1 29.5 10.5"9 314.5 932.5 2.806
13.22) 174.217 1.022 1.•9, . -255.26 4 319.5 19.1 11.112 014.1 999.6 1.612
t'.01, 1'.*9 2.029 1299.0 -/06.26 .599 925.9 28.8 11.669 934.0 I.8ll

02.,,) 102569 .90 25.6 -000 .591 9110.2 10.4 12.911956 1.221.00$ 219.9o0 2.64• 2257.9 -200.09 .590 998.9 99. 1 2.36 9zs36.5 2.020
22.022 220.929 1.919 2292.2 -21,9.4 .503 919.9 +. 18 1 2.921 950.4 2.892

29.020 2 9 .6 2' 9.262 1222 .2 - 229.51 .5 81 3 0.9 91 .0 1 9. ?10 33 9.2 2.03 1

24.Ouo 215.990 1.202 1229.o -294.23 .59i6 922.4 29.5 06.922 339.9 1.86229.000 l2 9 .900 .. 220 2209.0 - 222.32 .505 922.0 20.9 15.566 939.6 1.845

26.0O00 269.020 9.059 2202.0 -292.51 .004 329.2 00.1 16.206• 340.9 2.898
20P.200 291.40' 2.202 9202.2 -222.25 .503] 300.9 26.3 26.099 390.9 1.952
09. 996.90' .254 120.2 -292.09 .502 )Z9.4 16.0 12.041 391.0 2.155

20.020 929.0,9 .227 9292.2 -299.36 .982 925.6 19.5 28.082 342.1 2.05890.000 969.99+ . o 2912.9 -2 9,+. 1 .580 926.0 19.9 10.:42 862.0 2.861

92.000 251.906 ,.0932242.9 -224.42 .519 921.0 26.2 29.202• 363.2 9.869
90.0,2 992.429 .906 1129.9 -164.02 .510 921.2 27.1 1690.2t 993.0 2.61

19.0•009/69/0 .095 2925.9 -225.62 .511 928.9 95.9 20.464 94.2 1.810

94.02 6'2.202 .390 2999.0 -225.00 .506 029.0 25.0 2 .I1 9340.0 2.81296.1,45.69 .22 19.4 -216.9 .515 929. 56 2 1. 091 96.2.0

99.2,0 929.000 .690 2902.6 -226.05 .505 390.1 25.5 22.214' 945.6 9.507

99.020 999.006 .91, 2200.2 -229.20 .906 990.0 90.9 22.994 946.0 2.81929.6,2 460.0i9 .62 2209.1 -220.50 .503 931.2• 2.2 12.36 316.9 2.081
09.1009001.60 .929 2-32.9 -220.96 .502 999.' 99.2 29.024 946.8 1,81*

90 10. .....• 2, .010 2096.9 - 298.99 .51 1 992.2 1 5.0 24. 645 941.. 2 3. 06

92.0,4 422.,9 .. 0 2059.9 -c29.05 .292 092.9 24.2 25.024 390.9 2.888

99.022 595.00 .55, 9o0.0 -220.60 .569 999.9 29.1 26.250 990.9 2.951

05.0* 500.509 .520 2199.6 -2,0.09 .560 999.5 29.5 21.6•20 99.9 1.89&
99.2') 506.040 .529 2090.9 -220.90 .560 999.9 29.9 28.565 999.2 1.891

4 1 .0 0 0 6 9 9 94 2 . 9 0 9 2 0 9 9 . 6 - 2 2 0 . 6 4 . 6 6 1 9 9 5 . 9 2 4. 3 2 9 . 2 2 2 3 9 5 . 0 2.49 8

49.02,09o 12 .600 2029.9 -220.39 .569 995.9 29.2 23.050 949.8 1.908

60.00 6,,02 .962 2020.9 -222.2? .040 916.0 2. 2 1 90.099 990.2 1.902

.00.2,0 oI . *1 .9S. 2290.2 -2 12 .50 .090 335.6 14.0 91.2115 350.49 .903

9.900 20.419 19.096 0000.0 -2I9. 9 .60I 160.1 2 99. 2.217 260.2 200.3 289.8 233.0 1.414 1.595

06000106 080886904

I/9PS2L1 ,C/ 0 P PS0A 099P A 9 CALl I OPl DF09C DotLVAC I SEA 80 A 9 61I I VAC CF 588 CF OAC
,E6 0K62C0L/00 I,- 0G0 /0 L¥t 29000 50000 2L0

2.000 1.0 0.9 029 -0.2 220 222.4 208.3 .62. 220.6 226.31 229. 2390:, 2.29 1.282.2Ob 0>29. 32.600 2964.* -200.21 .912 226.9 00.4 2.205 246.4 262.2 233.1 215.9 2.369 ::.90

9.00 29.029 2.0 •2292.0 -206.89 252.4 99.0 0.009 265.8 274.1 090.0 293.3 1.920 1.560
4.000 1-.9 29.9-9 222. 20.2 79.01 36.9 2.499 210.0 900.2 30-.5 2.626
5.0u0 /0*900 -.90 20' 90.2 -200.00 200.4 99.9 3.212 280.2 367.0 312. 9 1.6685.000 00.204 .Sol 2009.c -900.99 296.9t 32.2 3.156 322.0 918.9 2.100

9.602,9.069 9.052 20'0.0 -2/9.03 232.5 90.8 4.426 315.0 323.2 2.126
9.010 "0.2'0 5.095 12,9., -243.22 290.5 23.8 5.009 328.6 920.9 9.068

2.000 00.79, ,.795 2302.2 -909.26 902.9 23.3 5.020 329.0 390.8 1.761
20.0,0 99.00. 9.499 9009.4 -206.64 905.4 28.4 6.396 323.0 939.8 2.083ii.000 3o.2,2 9..0 2099.0 -252.39 908.9 21.9 9.8q9 924.0 336.5 2.097
92.000 ,2.944 9.697 2990.0 -259.09 322.5 21.6 0.521 326.1 338.9 2.820

29.00042.2990.220 2320.0 -2/6.99 329.2 ?26.9 0.26 920.0 990.1 1.822
2.:.005 20.9 2.496 299.0 -20C.66 326.9 26.5 8.062 928.0 363.0 2.832
25.000 213.9. 2.096 2300.9 -209.29 929.9 26.1 9.002 328.6 344.9 1.892
15.000 22.1'.• 2.009 9990.2 -200.06 920.0 25.8 10.290 323.2 344.5 2.850

20.000 221.9,9 2.050 2o09.0 -222.12 922.9 20.5 10,202 329.0 948.2 2.85929.000 209.991 2.2,2 2032.01 -212.41 326.9 25.2 11.496 930.0 196.5 2.061

25.000 19S.24 2.065 2306.9 -229.62 929.0 24.3 02.405 390.9 350.9 9.819
20.020 254.09 2.I49 1660.9 -214.09 912.5 29.9 I22.969 90.6 352.2 1.809

20.000 960.022 2.599 2992.2 -225.89 328.3 24.4 9.,056 930.1 953.3 2.887
22.,02 202.,620 9.05'' 90096, -296.09 390.9 24.2 03.834 930.0 354.5 2.8332*.0 90.965 2.612.96 90 -220.99 3 13.5 12.0 24.1197 935.5 2.891

24.010 2/3.561 2.OaO 9093.9 -220.10 4.603 992.8 23.8 2*.993 154.6 2.904

215.000 299.0,- 2.522 9030.3 -229.94 .419 999.9 23.6 15.699 950.5 1.900

2 9.000 209*600 2.999 2692.9 -,22 .98 4.05 1 335.0 23.5 06.006 35 8.5 1.904

22.000 220.999 2.992 1820.0 -20.2 9 4.535 036.0 23.3 2.4979 3 59.9 1.9:9

28.000 228.?12 2.92 2929•?.0 -222.06 6.025 990.0 23.2 21.640 960.2 2.024
29.000 2 3I9l.9 I2.2 12423. -222.00 9*495 390.0 23.9 18.309 360.0 0.928

90.000 290.959 ,2.20 2024.2 -229.52 9.611 998.3 22.9 28.962 360.8 2.932-0.000 009.122 2.200 2809.0 -- 22.22 6659 909.0 22.1 29.920 962.5 2.934'
92 . 0 0 0 2 9 3 . 9 2 4 2. 2 0 3 1 0 05 . 0 - 2 2 6 . 8 0 9 .4 4 2 0 9 9 . 9 2 2 . 6 2 3 . 2 1 5 36 9 .2 2 . 9 4 0

99.000 2179.520 2.13 2801.0 -225.52 9.925 391.5 22.5 20.926 393.9 1.94

34.003o 2o9.693 2.094 2030.0 -226.03 6.409 392.3 22.3 29.013 364.6 0.09735.003 213. 890 2.000 1 994.3 -2 26.03 9,394 360.0 22.2 22.1 2 6 369.3 0.990

16.000 3210.022 .1 69 113 -927.32 4.379 349.8 22.2 22.:97 365.9 1.919

00.000 320.149 .930 |101.3 -229.90 9.365 344.5 22.0 23.401 366.5 0,257

9•.00 990.292 .306 2783.9 -218.41 4.351 345.2 22.9 29.014 361.0 1.960

93.000 350.296 .002 1000.1 -220.30 9.398 345.8 22.8 24. 996 363.6 1.0634 0.00 0 350 . 12 . 0256 1 101 .4 - 2 29 .4 4 4.925 34 9.5 21. 0 2 4.051 3 60 .2 2. 96 6

G0.000 3 10.293 . 099 12 4.4 -229.96 4.303 341.0 Z22. 25.960 998.1 2.969

42.000 390.149 .020 21 02.4 -200.45 4.300 390.0 21.5 26.563 369.2 1.912

69.000 30000 .163 1798.5 -290.93 4.299 391.3 220. 27.260 362 9. 0..74

99.000 303.022 *100 1791,9. <'11.99 4.270 398.9 20.4 21.150 316.2 1,407"95.000 399!5,5 .02 2062.3 -213.04 4.267 343.4 22.2 22.331 300.1 1.981

46.000 4C3 .229 .133 2160.2 -292.28 9.250 350.9 20.2 28.922 010.2 2.982
40.000 600.820 .124 1050.5 -?321.1 4.247 310.0 22.2 29.843 36s.6 0.985
48.000 42033.1 00 1209.9 -233.02 41.36 352.9 22.0 1 0.040 072.0 2.98'
93.000 4 01/.0 0 ,689 275 2.4 -233.53 6.221 35 2.5 2 1.0 30.60 1 372.5 0.029

40.000 443.263 .699 0140.9 -2329.93 4.217 392.0 20.9 32.22i 912.8 0.990
3.933 20.419 806699 2210 .42 . 13.91 .84 3 26.1 36.1 2.486 260.8 078.8 800.2 304.5 1.430 2.626

I
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PRESSURE PROFILE DAIA
SYSTEM LICUID 8IPROPELLANT PC 300. PSIA PE 0.05 PSIA

COMPONFNT TREF FORMULA OENSITY HEAT FORM wt. 0/0
DEG K GM/CC IKCAL/FORM.WT.)

298 H2.02 1.448 -44.84 76.
298 85-H9 0.620 +7.74 24.

PULK DENSITY * 1.097 GM/CC
MIXTURE RATIO * 3.161 LB OXIOIZER / Lb OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 329.52 EU/IOOGMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURc, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .680 .285 .19 .050 170.2
TEMP, DEG K 3201.0 2801.2 2445.9 2129.9 1994.6 1848.9 1599.0 1376.8 1179.4 1004.8 850.8 715.8 2935.0
FNIHALPY I-I 97.24 123.57 146.60 166.67 175.14 184.13 199.25 212.31 223.52 233.10 241.24 248.11 114.80
CP .6637 .6534 .6422 .62b5 .6216 .6133 .5966 .5176 .5581 .5384 .5185 .4983 .6572
IMPUL JPT 151.35 207.21 245.77 260.31 274.93 197.10 316.39 331.45 343.79 353.94 362.28 123.60
IMPLL VAC 232.67 259.08 283.85 293.98 304.48 321.49 335.51 347.08 356.63 364.50 370.96 227.94
FPSILON 1.056 1.6•7 2.916 3.738 5.215 9.936 19.225 37.522 73.556 144.402 283.273 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .680 .285 .119 .050 173.8
TEMP. DEG K 3201.0 2932.3 2675.1 2423.2 2306.0 2172.6 1924.7 1787.0 1696.4 1613.1 1536.4 1465.0 3030.7
ENThALPY I-) 91.24 124.01 148.22 170.04 119.45 189.59 206.95 222.44 236.75 250.04 262.42 273.97 114.35
X EAR 5.082 5.021 4.171 4.934 4.921 4.910 4.898 4.811 4.700 4.596 4.498 4.407 5.043
N 5.082 5.021 4.971 4.934 4.921 4.910 4.898 4.896 4.895 4.894 4.894 4.894 5.043
CP 1.3636 1.2153 1.0573 .9027 .8356 .7694 .6771 4.4188 4.2990 4.1629 3.9955 3.7753 1.2726
IMPUL OPT 152.61 210.60 251.66 267.42 283.44 308.94 330.02 301.38 364.59 379.07 392.10 122.00
IMPUL VAC 236.02 265.18 292.73 304.11 315.97 335.32 352.54 368.16 382.17 394.83 406.33 230.30
tPSILCN 1.065 1.664 2.987 4.006 5.648 10.931 22.273 46.700 99.039 211.946 456.917 1.000

COMPOSITION SHIFTING IMOL/100 GM)
132.60 t! .0co0 .0000 .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
I11.76 8-H .0000 .0000 .0C0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-47.13 H.H9C .2019 .1515 .1055 .0658 .0503 .0353 .0155 .0076 .0040 .0021 .0011 .0005 .1699

-135.32 RYH.C2 1.3459 1.4229 1.4906 1.5470 1.5693 1.5915 1.6247 1.5212 1.3631 1.2025 1.0419 .8843 1.3953
66.00 1!.H2 .OCO .0000 .OCo0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-45.00 0.H2.C2 .OOCO .0000 .0COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
l1.00 P,03 .00co .3000 .0000 .0000 .0000 .0000 .0000 .0000 .000 .0000 .0000 .0000 .0000

-238.60 H.H3.03 .00C6 .0004 .0C03 .0003 .0003 .0003 .0004 .0004 .0003 .0002 .0002 .0001 .0005
5.74 P*u .0422 .0231 .0106 .0037 .0020 .0009 .0001 .0003 .0000 .0000 .0000 .0000 .0295

-84.00 e-02 .0918 .0682 .0450 .0252 .0178 .Oll .0036 .0018 .0011 .0006 .0004 .0002 .0771
199.30 t2 .(000 .0000 .0O0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-111.60 F2.12 .GIII .0076 .0C46 .0024 .0016 .0010 .00C3 .0001 .0000 .0000 .0000 .0000 .0088
-?10.lu E2-03 .0975 .1091 .1192 .1264 .1283 .1293 .1272 .0995 .0703 .0482 .0322 .0207 .1049
-541.69 P3-H3.06 .00o0 .UOOO .0CO0 UOOO0 .0000 .0000 .0001 .0001 .0001 .0001 .0001 .0001 .0000

52.10 P .2008 .1421 .089? .0480 .0332 .0202 .0062 .0032 .0022 .0015 .0010 .0006 .1634
9.33 t-* .0388 .0207 .0C96 .0036 .0021 .0010 .0002 .0001 .0000 .0000 .0000 .0000 .0265

.00 H2 ?.058b 2.1286 2.1921 2.2451 2.2652 2.2839 2.3076 2.3163 2.3202 2.3223 2.3234 2.3240 2.1030
-57.80 H2.C .99C7 .9460 .9C35 .8661 .8509 .8354 .8123 .8607 .9385 1.0181 1.0981 1.1769 .9626
59.56 C .0022 .0008 .0C02 .0001 .0000 .0000 .0000 .0000 .0000 D000 .0000 .0000 .0012

.00 02 .G0C4 .0001 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002
-305.34 P2.V3/C .0000 .0000 .0co0 .0000 .0000 .0000 .0000 .0845 .1951 .2987 .3958 .4864 .0000
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PRESURF PROFILE rATA
SYSTEM LI|UID BIPKOPELLANI PC 100C. PSA
C0oPONEIT TREF FORMULA CENSIIY HEAT FORM WI. C/O

M .., K GP/CC IKCAL/FCRP.kWT.) _
198 N2iW6 1.5CC -2.C 80.

298 05-H9 0.62C *?.14 20.

BULK UENSITY = .16t CP/CC
PIXTLRE RATIO = 4.OCO LP CXICIZER U LP OF FUEL

PRESSURE PROFILE CAtA

CHAMBER ENTROPY 269.44 EU/IGGCMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSLRE, PSIA 1000 39b.1 ISR.5 63. 10 25.12 11.10 10.00 3.981 1.545 .611 .251 .100 566.1

MEPP, CEG K 6202.9 342C.9 2 11.2 2262.b I P04.4 IP5.9 143. r 1141.9 906.6 1 1.3 556. 1 29.3 3672.5
EKIHALPY 1-I -. 91 31.39 51.65 18.91 96.C6 104.43 109.82 12C.19 129.49 136.34 141.10 15. F? 21.0.
CP .4160 .6C9d .4C32 .3951 .1862 .380H .i76C .365? .3554 .365H .3369 .3294 .4121
IPFLL OPT 167.64 22's( I1 265.52 290.45 302.ri 1 0.37 325. 3 336.82 145.55 352.23 _35.354 1138.23
IPPUL VA0 269.60 215.09 291.10 115.40 523.i? 529.05 339.56 36.63 353.82 358.55 32. 16 266.96
EPSILCN 1.056 1.595 2.?73 5.065 7.32r 9.561 IP.211 34.9C9 67.055 128.718 246.966 1.OO0

SHIFTING EXPANSION
PRESSLRE, PSIA ICO 398.: IS:.S 63.10 25.12 16.10 I0.O 3.9H1 1.58P .631 .251 .1GO 564.8

IEMP, rEG K ____2C2.9 3688.6 3251.3 2H91.,5 2600.8 2651.1 2363.0 2161.? 1984.8 1821.4 1660.0 1591.1 3875.0
ENI-ALPY (-1 -. 91 32.26 60.16 d5.46 101.C5 118.43 126.13 163. 13 15P.38 112.09 l16.63 195.68 20.26
X PAR 6.646 4.S41 5.650 4.353 4.254 4.197 5.156 5.066 3.978 5.902 3.839 3.7.T? 5.584
N 6.646 6.54? 4.450 6.353 4.254 U.191 4.156 4.064 3.918 1.902 1.839 3.802 4.584
CP .90CO .y181 .9124 1.0141 1.110 1.2165 1.2531 1.2925 1.2416 1.0926 3.9054 10.9212 .882e
IPPLL CPT 169.e2 231.63 274.11 106.6? 322.22 332.65 553.99 372.26 3e8.95 401.5 4 13.55 135.66
IMPUL VAC 255.20 285.63 311.81 331.68 349.P/ P 51.99 315.65 390.59 603.19 -15.26 625.98 268.85
EPSILON 1.00 I.100 3.139 6.199 9.3J93 12.f63 26.8P1 51.724 125.238 212.5 1 620.183 1.000

COMPCSIT I ON SHIFIING (MCL/IOU GO,
132.60 P .CCO .CCC2 .0COC .OCOG .COCO .C0oc .000O .00CC .C000 .00CC .0000 .COCO .0003
-65.67 P8F 1.5972 1.3941 1.3695 1.3209 1.2540 1.2102 1.1711 1.0991 1.0230 .9533 .8961 .1933 1.1974

-1!3.84 t8F2 .1391 .1l85 .0990 .0191 .0598 .0695 .0628 .0292 .0189 .0116 .0062 .0044 .1261
-210.C( P.P 058 .12 15 .1830 .2692 .3213 .3625 .55614 !;411 .616 62 79 09

116.16 EV. .000 .0OCC .0000 .OCO0 .COCO .0000 .COCO .CO00 .COCO .COCO .0000 .000C
66.00 e1-2 .C000 .CCC .C0CO .0C0O .0Coc .Co0c .0000 .0000 .0000 .0000 .0000 .0000 .0001

16.OC eH83 .Co00 .Ocu .0co0 .0000 .0000 .0000 .0000 .OUO .00CO .OOCO .0000 .0000 .0000
199.3C 82 .c0CO .00CC .OCO0 .0000 .0000 .0000 .0000 .0000 .COCO OC0 .0000 .COCO .O00o

-126.20 83.H8 5__ _ .C000 - .000 .00CCO .0000 .0000 .0C0 .0000 .0000 .0000 .COC .0000 .COCO .0000

18.86 F .0.362 . .CO1 .0000 .0000 .0000 .0000 .0000 .0000 .Oij
-66.50 FP- 1.2533 1.2266 1.1627 1.01?? .8951 .1974 .r256 .5549 .3923 .2456 .1230 .1141 1.2338

56.60 F,. .C0CO .OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .OnCO .0000
.CC F2 .Ccoo .CC .0C00 .0000 .OOCO .0000 .0000 .0ooo .COCO .COCO .0000 .0-0 .OOC

52.10 8 .4439 .2566 .1878 .1C32 .0589 .0426 .0335 .0186 .0098 .0066 .0011 .0014 .$483
19.20 -MN .C006__.0C2 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0003

.00 H2 .5855 .6649 .15sm .8692 .96?? 1.0048 1.0451 .1380 1.2236 1.2996 1.1623 1.3666 .6334
60.3C 82.6 .0N01 .00O O .C000 .0000 .0000 .COOO .COCO .0000 .COCO .00CO .OOCO .0OCO .OOOC

-11.04 83.6 .0000 .OCCC .OCCO .OCO0 .OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.0 C .0008 .0002 .0000 .0000 OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0003

.00 N.2 .7684 .1619 .1691 .7691 .7691 .1691 .7691 .1691 .7691 .7691 .7691 .T366 .7688
-c0.3c 8.N/C .COOC .OCCC OO .000 C00O .0000 O0O0 .000 O000 .0000 .0000 .0654 .0000
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09516TEM 98 S:Q I P67LPELLO) AN 0P 1000. PSI&
Co9pp IN9.5 l A? 04UUA 606519 hwl 0042 mt. 01u --l

LEG A Go/0 !.,CLI OR"E.6Wt.)1 o
198JO 2.F% .J 00-C.C
290 85;.63 0.420 .1.7% 20.

fpsI[LON PUP9 P PSI* 9LP ENTIPALPI CP CAL/ 1 DPI DE6LVOL ELL6*0 I 50* 1 AT I 61 I. VAtC U SF W10 "60
Vt. EOL2~I000* GP DEG /P LVt 10000 50000) LWt

t.00MO.OO 87CQQ402.9 .91 -)
1.000 .7?560337. 2.5.) 120. 3 282.? 282.9 288.4 288:.9 1.9 1.218

3.0 0?0 5.8 $96-18 99* 26).? 32.! .S91 23).? 298.3 29. 300.8 1.893 9.53
8.000 29.59* 38.32 962.? -19.86 .190 241.) 29.3 0 S 91. zi Ia ig.9~ 112A.1 2l.A Z 1.2t150
5.000 !8.959 25.6*86a . -5.5 ."S299 2. 99 0. 0.9 933 350 .59* 1.012

8.0Cc - 3t1"2 .60 )?,0 ).IC6 -100.0? .98 296.7 I 23. .)?? 302 I 30:1. 1). 319.0 1.S* 1.69

9:.00 119 .9)17.3 -0. 9? 0. 13. . 16? . 909.9 3240.9 321.83 .% 1.612

90.0010.72 .30 820) ?I.o .101.6 102 .95? 224.5 1229. kw41

91.0C 122.6;9 M.3 "1" . -12.41 .318 S180 411. 2.'60G 327.9 339.6 1.69?

':0 ~ 114,0C .112 316*2 a29.1.633.98- 392.9 396.6 9.733

? 9:1 
1 3 0 ~ 1 1 5 2. - ;120.9 - 66 1925.2 8:.2 1 .52? 3 33.8 33081.3

28.000 1762:,5" -- .I 3,933 2
1 8 1  

369 593.6 1S.2.96 4.95?331 1.257
2500 20.1 29 02. -1 .0.96 991.8 1.. 4.929.9152.139. 1.9

26.:01L 826.13 2.95611% 00. 1259 .960 11. .2562 1 1. 388. I .?601

27.000_ L*.61 2.293 69el 15.? - 120.91 .936 932.?2 1.2. 5.3621 995..5 38.?.6
2900 0113 21226 72. -I26.l? .5 933.21 1:1. ':"1' 9135.9 38.0.2 -. 74

26.000 49850 2., 62. :122 .15 63. I. 5.11 995.1 3856 119
50.000 51!1.64 1.631 0521.1 -I221.6 .956 138.8 11.3 5.1.6).9 359 .1

1.C.00 2:I1I 1:C.496. -126.0 _ .751 935. 11"'.8 95938.4 ~
C200 5620 .1 5. 6I36 . 51 95.5 11.2M ,.2 11 .328.? 1,728

93.000 555..15 .01 655 16922 .95 19.6I6.898.987.02.11
210.000 !61.22- 1.16 915.1 -129.17 .95 196.8l 1 0. 62. 66,8. .

1000 6.816 2.233 766.8 -1296.66 3659 937.9 120. 1:,112 986$44.0 1.71.

,,00 11.?. 17 ? .67. _I 7.87, . 56 79.? 10.8 1.7 388j . .5. 1.766
M9.00 1894.705? 1.14 970.2 -1'10.21 .98 9153.9 10.1 5.670 3699 178

0100 00139.26 5.5 -12.965 .359 939.2 10.1 7.10? 38.3 I .8
6200 12.11 S .A- 291 766.9 -17 1.6-11 .9=3S913.5" 10. 1:1,0 3469.6 8
83.00 95.759 1 .1 9.I? 19. 1 31 ': : .9 93..9 :: 2159 "

""85.000 911.92 1.063 62. -1 1:2'.9 .2 :10. 6. 138 502 9,900 9I .3 1.5 717. -I~ .1I5? 16. 9:. 9 90.616 35.5. 1:198
61.00 9-l.3I? 1.S0 9 71.9 - 172.63 .1S5? 18.? 90.6 9.1950) 1.9
87.00Io? .616C. .99. M06.0 -I39.05 .95 38. ~ 9.55 35.6 l.898

3.000 1017.4 .:96 796.6s -133.2' .10 3?? . .5 35.?. 1.797
0.000c 1079.09? 1.2)1 193.9 --3.1 .61_ 11. .99.5 31.2. 1.196

C 530 96.7125M60
995)479 7.1:91 730 126:7 8 116 S2 1CA ~ 6 5750.A 030 t * 1 2 90 ( 06(

.000~~~ C: I:9.:A..1.LL.

5.00 10303.692766-007 .6.8 91.6 1.0263.1322390 330.71.5 1.490

9.0( 35111 11.018 ISMS.2 -118.?) . 3 16 269389 2'? 3 9 021.6 2853.0 1.5409 1.67?2
9.000 765? 1.6 21.1179 1020.7F 28.0 1.:512 322.2 199.?1 6. 8. .0 .8

0f 0 7319 1159 287. ON2.3 028.8 27.2LP LP00 239.0 I8. 259. UfL.75*YA F

65.900 92.3 .321.8 -10.205 "H 937.5 2951.0:23 3569 ':;2"* ..9 342.? 1.812
26.000 95.9 7602917-2.5 2. 28.? 3223258. 329.0 99)1

16.00 -. %SS2 930. 6.838 225. -136 302 38. 23. 38 36. 348 .2

C9C0 1 5.29. 115 .01 2 2 09 -1 35 58 .32 1. 5 96?. 347.1 1 .93,

22.00 99.006 5.025' 2212.5 LIS9 364 208886 4. 37).0 9.5
23.000 2 . 33 2.06; 2203.0 -119.7) 98. 22.2 6.857 9682. ? 3 72.0 SS 1 15.86S

28C.00 220.568 6 1 116199. -106.12 3 5.0 2 .0 8.65,4. 7.j..........JIL...
25.000 251.1)5 26.32 21?9.91 -1*1.5l 95. 21.8 51.0635. 373.9 1 .845 11

2700 5.551 .1.96 21C20. -192 95. 2 :. I I I? 32e3 34.9. 3415. .1

2':C 02C' 65 3'.9' " C9 2 _1. 183.9 3552 .0 2?.0 1.962 32; 2 I C I 9 4.6 3 70.9 9. .676 I

3000 28. 165"'$ 9.8561 213. 58 3564.9 20.9 6.056 361.8 377.6 7.6
1100 1f~3V.?4297.'-86; 11t:W. ISO7 i271Tl.2 ir

1 3.0 0 1 2 . 9 3 3. 8 2 ) 2 . : I8 7 8 5 . 2 . 5 " '. 7 0 51 3 6 8.9 3 7 9. 8 1 . 9
38.00 139.283 2.38 '2 I 08. -98.5 36.' 08691 269.4 360.8 9.878 35

37.00 33.258 2.65? 2095.0 -169.76 362.0 20. 1.502 949.2 30.,I.034.000, 389.96C 2.5168 2016.8 -950.27 0.7 1. 113 349.263 19. - .7922

80.000I 8) .33 2.60 2 047%.0 69 9 90 96 . 1 9. 9. 69 - 639 .0 36899 01 9 *

8 9 0 0 8 2 9.0 0 2. 9 3 6 20 6 9. -1 1 . 7 9 3 4 8.5 9 9. 8 9. 8 0 0 349. 9 3 6 8.) 1 . .: ,
62.000 -199.006 S4. 205521.- -152.27 945.9 99.5 4.405 349.9 0. 4 1.785

83.000 89223 2.2096 2090.6 -192.73 95.69.8 8.909 3731..0 395.2101 1.9216

88.000 669.799 2.18 2065c.2 -159.17 94.) - 99. 9::95 - 370. 365. 9.923"85 00 8319.243 .. 2.09 2 08.1 19 . 2 34 .9.3 9. 9 MT--.' : ' " 2 1 37.3 94 i - ,
264.000 290.699 2.039 2103.9 -68.5 672 99.: 2 9.809 3t7. 69,) I90

2 9 .0 5 2 5) . 7 . 8 6 5 6 - 5 8 9 6 . 9 9 . . 9 3 79.6 3 67. ) .
C900 5276.401 1.895 20293.0 954..21, 969.6 96.9 9.990 37F.s sat

90.363 029.066 10.696 2857'.)-980 1.7 322.2 27.0 8 322. 930698.7 389.6 9.406978

I~ccc 1171--1-7-1102-,9:
Ii cs D.Il :':I. I"l 2:l 1 1



PRESSURE PRCFILE CArA

SYSTEP LILLID BIPRCPELLANT PC ICCC. PSIA
COPPONENT TREF FORMULA 1)E(1SITY HEAT FORM Wt. 0/0

LEG..... -EG K _ IKCAL/FQRPWIW ,I
19H N2.F1 1.5CC -2.0 3.
298 0.-ýo9 0.02C *.74 II,

BULK DENSITY 1.208 Gm/CC
PIXTLRE RATIC = k.Ro2 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE CATA

COAMFER ENTRCPY 261.51 EU/IOOC.MS

C-APbER THROAI

FROZEN EXPANSICK
PRESSLWE, PS16 ICO 598. 1 Is5.5 63.10 25.12 14.70 1C.OC 3.981 1.985 .631 .251 .10 54S.k
TEMP, OEG K 45!6.2 3689.1 2991.9 241.19 146.0 I111.1 1558.3 1210.4 980.9 770.4 601.2 466.1 3961.3
ENTI-ALPY (- -. 49 32.72 59.10 8.1 .')4 9. 15 107.71 1 1.3C 12W.59 133.55 140.62 1146.15 150.146 22.11
LP .3916 .3F95 .5!36 .3710 .4695 .5639 .46C2 .350C . W.1 .3310 .5225 .3152 .3911
11-PUL CPT 169.W7 228.82 267. 13 294.1.2 3C8.eH ~1 14.6 32.8 31.1.1.8L_5 55.371 3! 7. 17 36ý -17 14.0.20C
IPOPL VAL 25 .C1C 27e.815 501.17 3 19.11 329.22 353.51 f54.26 352.41 350. 18 63.61 360.50 21H. 33
EpS ILON 1.051 1.591 2.772 5.0l9 T..330 9.5o9 18.241. 35.01 67. 32P 129.464 24..99 1.000

SHIFTIN1. FXPANSION

FRESSLRE. PS18 iCCO 39e.1 158.5 63.1C 2S. 1? 14. u IC.OC 3.9e I1 1.5SE .631 .251 1 CO 569.9
TEMP. UEG K 9516.2 403.5 35441.9 $112.H 28•1.S 2651. I 291.7.f 2350.5 2141.9 1990.6 1851.0 1123.3 9206.0
EKTI-ALPY I- -1.V9 33.72 63.30 b8.91 111.20 122.91 1 30.F2 1P.24 163.oO 71e.9T 190.71 202.44 21.31
X PAR 4.1.? 4.32r 4.215 4. 145 4.051 3.99S 3.959 3.861 3.770 i.6P1 3.605 3.532 4.363
h 9.127 4.321 9.235 4. 115 9.05 1 3.99S 1.955 3.861 1.tic 3.68. 5.60i 3.532 4.363
CP I.CCC3 .9001 .U865 .9201 1.0459 1.1373 1.2041 1.3492 1.4546 1. 49Y1 1.4799 1.5672 .9343
IFPUL OPT 172.51 235.57 278.87 311.11 127.61 337.98 359.70 3•8.12 394.01 410.91 420.16 131.69
IFPLL YAC 259.51 290.67 319.25 313.32 355.60 361.15 381.33 396.61 1.10.11 422.C5 932.69 252.92
tPSILeN 1.0C2 1.101. 1.138 6.169 9.321 12.631 26.631 57.271 125.058 276.0CC 613.9?2 1.0CC

CCMPCSITION SHIFTING (MOL/IO0 UM)
1!2.6C V .CC08 .00C3 .OCOI .0000 .COCO .0000 .C0OC .CO00 .COCO .COCO .0000 .0000 .0004
-1.5.1.7 B.F I. 118b 1. 124C 1.1161 1.Ob67 1.0351 .9974 .9679 .8925 .8199 . 7312 .6633 .5993 1.1231

-133.F9 P8F2 .168b .1934 .1119 .0938 .C716 .0601 .0526 .C312 .0256 .0111 .0110 .0068 .1532
-210.CC b-.-5 .0F71 .077e .1119 .1650 .2381 .2881 .3251 .9159" .0655 .5912 .6712 .71.9 .0686-

114.76 e.1 oC0C0 .OOCc *C0O .OCO0 COCO .0000 .C0OC .0000 .CO00 .0C00 .0000 .0000 .000C
66.CC k!h2 CC 000 .C0CO .000 .0C00 .000CC .OO0 .000 .0000 .0000 .COC0 .000C .COCO .OOO
I8.CC R*I- .0000 .00CC .0000 .0000 .000 .0000 COCO .C000 .0000 OCCC C .00CC .COCO .0000

199.3C b2 .0000 .C000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-12.2C 3.f.-N63 .CCOO .0000 .0C00 .0000 .0OC0 .0000 .C000 .0000 .0000 .0000 .0000 .0000 .000c

1p.88 F .1137 .0188 .0163 .0045 .0012 .COOS .0003 .0001 .0000 .0000 .0000 .ooc0 .069-
-t9.5C F-F i.950b 1.99e7 1..893 1.4179 1.2960 1.209! 1.11433 .9173 .8096 .6967 .9928f .3506 1.4865

5e.6C F.8 .0000 .0000 .0000 .0000 .OOCO .0000 .0000 .0000 O000 .0000 .0000 .0000 .0000
.CC F2 .CCC0 .Oca .OCO0 .00O0 .OCO .0000 .0000 .0000 .C0CO .00O0 .0000 .0000 .00O0

52.1C 1, .4641 .398O .2397 .1512 .C949 .0711 .05C0 .035T .0219 .0132 .0077 .0092 .3918
?9.2C ý-N. .CC08 .00cc .0001 .0000 .0OCO .CCOC .0000 C0CO COCO CO0 .OCCC .0000 .0009

.0 CC? .2532 .2879 ,3464 ,4254 .5158 .57U7 .610N .7015 .1952 .8810 .9607 1.01C6 .2716
40.3C 1-2.9 .0CCO .0000 .0:00 .0000 .0CO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0OG

-11.01. F3-3N .COO .C0CO .0000 .0000 .0000 .0000 .0000 .00 .COCO .000C .COCO .0000 .OOu
113.CC N .CC22 .CCC7 .0002 .0COO .COCO .Co00 .0000 .0000 .0OCC .CCC0 .000C .0000 .0011

.CC N.2 .7964 .7975 .7978 .7979 .7979 .7980 .7980 .7980 .7980 .7900 .7980 .* 980 .7972
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ccr l t, to( FOP.6W A It1A 6 61961 606P 66. 902
666,. 6 ,0200 660*16F06.*6.6T

296 OS;.6 0.6/ H'.61 6.

6696066, 66/6 I Is5[. 666,6 06.6ALP6 LP CAL/ I OPT 0(1960 06(600 I SEA 1 06 1 66 1 VAC 'F $66 IF 660
066. I ,C*L /6009* 060 DEL LI . 6000 c. 0 9000 LVI

6.000 5.56 6.6.3 3966.6 -22.66l W66 6.2 10h.1I .6 6. 6. 6. 6. .3 .9
2.00 0.696 9606 2620.6 6.9 .06 265 6. .6 26. 20.2 206. 269. 6.3 , 6.6:2

66'cc~ --5,5o 2 34. 8266 .666 666 266.6 11.1 .99, 1299.6 29b.5 603.6 30U.5 .9 % 1.666.

6.000O 66.66o 21:.9361. 6699 1.6 -6 31.9 ?9.16 609.s 0.193 ' 663.6 626.6 330.0 1.611 6*11
3.000 66696.6;69. -620 1 .666 , 6. 69.9 2 6.66 66. 69.6 662.0 156.1666

660. I6.6601. 262 1

66.000c 226. 56 6 .665 6262.0 -66.66' .651 626..6 66.6 6.661 666.6 663.2 6.6133e

6.000 /06.600-CO 116.6,1-12..6 .6 50 1/.§ 66,j240360 6. .9
66.000 26-6.6046.66 6;e222.6--69/ .6966. 6. 66936. 366 .6

, 6.000 6 . .2 .26 66 6. 1 - 6/61.6 1 .6 66,.' 66.6 .20/ 669. 66. 6.66
22.000 636.626 :.6 660. -6/.6 'I6 6661.9 ...9:13 6.6 696 66.6 6.6961

23.00CC 656.266 0 .2 666. -66 .66 66 .66. 6.626 669.9 6661.6I 1.7s.

26.00 -66.24L 2.266 6066.6-' 1.`2 1.6 666 I.? 62.2 S.69 s .? 6.9.5 6.6
2c00 69.650 2.15II630 6 6.6 I606 .66 66. 12.c 9.699 660.6 366.9 6.666
26.0(0 492.6"6 2.C20 600. CS 6 1 6 .6, 66. 66.9 919, 616.6 690. 6.69

60.00 969.66 696, 666.9 - '566/ .66 66.0 6.6 6.*6 6 0.6 606, .6~~~~6000 ~ ~ ~ ~ ~ ~ ~ Z 56.6 .5 092-6.0 626966. i6 0. 6 6 1Cf 1

'660 60.* .6 9. ' 20 .666 6.0 6. 66369.60661
9.0 ' 0.6' 69 ''6' -' .0 66.9 66.0. 551569.5 1.11`6
0.002 556."IS I9. 46.0- 66., .6,02 66. 9 601: 9 6.66 69.I .~6.00 96.66 6666466. -66.06.06*/6 606 66966966 66'C

'60'2 66220 .06 9.'.6'.6 69 665 6. 690 9.6 6.686
5900 6C066 '9 Z6. I656.9 ".6666 60. 6.6 696. 66S'
6.00 66C.166 6.60 066.61 -6.1.6 .66: 6 666, 60.61 6.696 65. C.0
6.00 6060 6.0 ,9' <'.*.6 6 6 6.0 2 0. 6.26 696.2 .

62.000~~~ '2.6j.6 6. 66.0.6 6. oý 666- _________366 669_
3.CC0 6596' 6.66 900. -1..9 .66 64.906 .6 1;
6602 66 6 6.6 902. -65 .66 6.6. ; 601 6.66 9. 9
cc.00 6656 6.099 ; 696.6 -5. 66 .66 I*. I. .9 5. .,9

1.3!C F6.C6 6.t 9 6666. -666 .6 06.6 261.6 1.692 309.9 666.6 629.6 326.2 1.-549 1.651

66-1 1 3.2006,60166 006 ,0000 5009.6.000 6.6C6.0660.0 -26.66 .966 666.6 6695.2 .20. 2619 .3 1 290.6 1 252.6 :92. 6240 6250d0 .260 7'6 602. 969 9 .6 66.6 % 3 .66 I6, 620.6 321. 320t.6 6.5964 1.660
60.00I "I~5 66.66 /626. -62.6 6ýI 2 63.6 69. 356F.5 1,6%36200 9.69 60LIIC ý ý .6tIfoX.6-6Z1 A2A. 1.. 1 ' U34Lt.24. 6.1],66.000. 60.0 4.66 ,~ -666. 9666.0_ 666. 6.,It6600 6606 .69296. 1 .656 69. 29.6 ,365 1666.5 36. 1.696900 6666 .2 656 -69.6 6162 6. 10626 66. .066C0 6966".6 635 666 6. 26.6 .29 666. 266.6I.65.00 66.S -1% d45b;.- 3. 66 666.9 23.6 .656.6 362.5 ......L 2t..669.00 66 .66 9.66 2622.6 -646.66 690.6 :26. 1.2 006.6 66..322000 66.66 .5 1 20.2 -669 9. 60 663 6. 1. .3
2,25.0 26.56 6.266I I 2366.6 -66696 69.01 26.9" 9.6 26 666. 36. 6.063 926.000 26 .561 6.9 /660.6 24.-6665.62 699656.6 5.669 366.6 3000N 60629.00: 60.06 .9 2230;1 : 6 .6 -690.06 66.6 262 9.99 666.0 306.2 6.616I6000 22.6 5.6 229. -60.9 662. 2 6. .616 66 13.3 3069.3 .6.0266.000509C.69, 5yf622 I :w -696.56 7665 o.6 20 .9 T41-6 -3 6., 66.6 a .o2E52.000 6661.969 6.66 2266.6 -692.66 66.6 2. 6 111 6.660 366.0 365.2 6."6 -66.000 966.606 2.96 2 2 266. -696.6 4666.0 20.9 6.069 364.9OC 306. 1121:. 11 iS2 , , ,9 6.959.000 1 366.66 .60 2266.6 -696.01 5 666.6 20.6 6.266 666.6 666.6 6..0915600 36066 2.6 226. -69.6 36. 0.63 6.669 366.6 606.6 6.90066.010 6632 .95 2269.2 -696.26 669.6 20.0 6.66'6. 6 60. 6.06.000'l 620.699 2.66 22232 -96.66 669. 9 69. ; .663 3 9. 366 .9666.0( 662.066 2.660 72223.6 -9. 2 660. 69. 1 .59 3 669l.6 390.3 6. 96662.000 66.26 4 2.26 26.1 -696. 16 616.6 66.6 6.662 679.6 390.7 6.9606300 65.6 2.662 /222 -6962 666.6 66.6 .969699 666. 6.;9606600 66.6 2.2 266 -9.6 622 69.5 9.616 31. 96. .66.0001 699.969 2.066 2696.61 -699.60C 66. 69. 6.96 6. 6. 950 666363 2.61260 -9.692. 66 666666 62.6l 6.922 -67 P.00 9662 6.966 2636.0 -1660.0)2 56`3.6? 66.2 9793766.2 3022.9 6.926I0.0I0 120.659 6.2526.7-6.6.6.2 69.2 .91236. 933 6.2660( 92.96,2 6.66 266. 60.66 316.6 69.6 60.665 311,6.0 32931 6.939900 16.6 6.099 2 6669-6.26 619.6 69.0 60.396 362.6 396.6- 6.93 Z9.326 66.006 6 .966 262. -622.96 6.667 121.6 26.0 6.902 626.6 666.6 352.6 399.0 6.606 6.1664



PRESSURE PROFILE DATA

SYSTEM LI.UIG BIPROPELLANT PC 1000. PSIA

COMPONENT TREF FORPLLA CENSITY HEAT FCRM WT. 0/0
DEC K GM/CC iKCAL/FORM.wT.J

I1E N2.F4 1.SOC -2.0 b5.
298 8S.19 0.620 *7.74 .5.

EULK CENSITY - 1.237 GM/CC

PIXTURE RATIO C 5.667 LB OXIDIZER / LB CF 'UEL

PRESSURE PROFILE DATA

Cf-AMPER ENTROPY 255.53 EU/100,MS

CHAPBER THROAT

FROZEN EXPANSION
PRESSURE, PýIA lCCO 39B.1 1',e.5 t3.1C 25.12 14.70 10.00 3.981 1.585 .631l , .7 545.7
TEMP, DEG K 4728.7 3845.3 311t.6 2571.1 2030.2 1786.0 1627.2 1296.? 1026.1 807.5 631.0 490.0 4128.0
ENTIFALPY (-) -. 20 33.20 60.33 82.31 ICC.03 108.71 114.26 125.6? 134.71 141.86 147.46 1'1.82 22.53
CP .38C6 .3?57 .3707 .3647 .3573 .3526 .34.9 .3393 .3302 .3211 .3130 .305d .3774
IPPLL OPT 170.47 229.4R 2t7.92 295.30 307.81 315.59 )30.91 342.60 351.55 358.41 3b3.f,6 140.62
IMPLL VAC 253.78 219.6? 3C2.67 32C.69 329.24 334.h3 145.38 351.66 360.03 364.91 363.64 249.05
EPSILON I.C53 1.!94 2.772 5.087 7.338 9.583 18.294 35.144 6?.662 130.263 ;'50.424 1.000

SHIFTING EXPANSION
PRESSURE, PSIA ICCO 398. 15,.5 63. IC 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 568.C
TEP-, DEG K 4728.7 424C.2 3789.5 3347.9 2997.4 2812.9 2694.3 2450.7 2251.4 2084.1 1940.1 1813.2 4423.0
ENTý-ALPY I-) -. 20 34.38 64.59 90.95 113.89 125.88 133.96 151.69 167.52 181.77 194.70 2C6.48 21.58
X BAR 4.272 4.162 4.C68 3.9d5 3.9C3 3.853 4.816 3.72? 3.638 3.553 3.472 3.335 4.203
N 4.272 4.162 4.C68 '.985 3.903 3.853 3.816 3.727 3.693 3.553 3.472 9.395 4.203
CP 1.2147 1.0745 .9128 .8331 .8920 .9700 1.0382 1.2131 1.379? 1.5040 1.5824 1. 071 1.1355
IMPLL OPT 173.44 237.43 201.60 315.05 331.19 141.63 363.51 381.98 397.88 411. 77 424.01 137.68
IMPLL VAC 261.41 ?93.56 322.80 341.15 159.48 367.65 385.23 400.52 413.97 475.91 435.59 254.40
EPSILON 1.C75 1.123 3.177 6.218 9.367 12.660 26.548 56.916 124.073 273.924 610.774 1.000

COPPOSITICN SHIFTING (MOL/1Ol Gm)
132.60 P .CCC7 .0003 .0Co0 .0000 .COC0 .0000 .0000 .OOCO .COOO .0000 .0000 .0000 .0004
-45.47 peF .92C5 .9205 .9177 .9057 .8739 .8455 .8214 . 7550 .6818 .0608 .5325 .4,,10 .9207

-133.84 e.F? .1921 .1688 .1410 .1110 .C631 .0691 .C602 .0424 .0292 .0196 .0129 .0c,83 .1783
-270.00 8.F3 .0738 .0977 .1284 .1705 .23C2 .2726 .3057 .3899 .4762 .5608 .6418 .7179 .0878

114.76 E.H .CCCO .0000 .0COo .0000 .COC0 .0000 .0000 .0000 .C000 .0000 .0000 .0000 .0000
66.00 P.-2 .COCO .0000 .0000 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .OC00
18.0o 8e3 .0COCO OCO0 .OCQ0 .0000 .COCO .C000 .0000 .0000 .0001) .0000 .00C0 .00cO0 .0Oo

139.30 P2 .COCO .0000 .OCOO .0000 .COCO .0000 .0000 .0000 .0000 .0000 .00co .0000 .Oc00
-124.20 E3HE-N3 .OCCO .0000 .OCOC .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

18.86 f .24P6 .1402 .0613 .0199 .0051 .0022 .0012 .0003 .0001 .0000 .0000 .0000 .1789
-b4.50 F-H 1.4939 1.5774 1.6219 1.6096 1.5129 1.4649 1.4087 1.2591 1.O99 .9401 .7850 .637", 1.5491

58.60 F.N .COCO .0000 .0000 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 F2 .ccco .0000 .OCO0 .0000 .COCO .0000 .00o0 .0000 .0000 .0000 .OOCO .0000 .0000

52.10 F .4C028 .3195 .2438 .1744 .1163 .0903 .0150 .0480 .0307 .0196 .0124 .0077 .1506
79.20 1-N5 .C0C8 .0C03 .OCoI .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0004

.00 1-2 .1198 .1199 .1!56 .1765 .2439 .2909 .1267 .4150 .5033 .5886 .6698 .7460 .1184
40.30 -2,h .cCCO .0000 .0000 .0000 .COCO .0000 .0000 .00co .0000 .0000 .00C0 .0000 .0000

-11.04 1-3.N .OCO .0000 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
1L3.00 % .0038 ,0014 ,0C04 .0001 COCO .0000 .0000 0loco .0000 .0000 .00co .0000 .0021

.00 N2 .8149 .8163 .8169 .8171 .8172 .8172 .8172 .8172 .8172 .6172 .8172 .8172 .8159

-112-



... . .. ....

'08 I02.74OG- I 1. 0 -2 L ..0 M85.L

,40.3 -320.0 .. 4 323. 38. 2. 4 6.0 335. 8 4

348. 0002 4 M2. 11.2 2.340. 0 43'.: 30 . 1.3 . :".,:'. 30",7 32.4 :k 31. 30. 3.0.4 332.7.2 41 111 1:3
9J64 I 59 L.9 12.5 .33 306.3 21.3 )" 3.09 * 337.9 1: s 4

33. 003;...53.' .34, )t7.4 30.9 .9 3.
S.# . 1 0*1 304 5 *04 3. .8 3 39.

220"48.31 -32.0 .38:"27 339 :G0o33.

to.040 ICA.47 224. -387 .M3 33.4 304 .2537.

27.000 37.1 371 307 38 9 33. 32. 1." I40.8r 23.007 5819 A,134.3 :120.27 .335 30. 3 21. 1.71 3.404330 349.81 3.74

18.000 *23.374 2.334: 334. -370.8 .7 374 32.7, I..24 34. 30..742

290000 40. 433" ".139 3330.2 -322 1:53 33.5 32 0 5 9 3431:.4 :353.5 3.7.
30.000 93.4 .4 089 -7.2 .3 4. 38 803333.5 353.93 3.713

33.:" 000- 038.8.0 3. 3 3076 . -373.3 .33 30.4 33.41 4. 0: 39. 352.2S877

37.21000 845.374 3.853 303.0- 3 .3 33 342.3l 33. 4178 33. 3.7'-4 5.7000 ;0431.3 3.9 02.404.4.1 0. 3. .5 353.4 3.780

21..00 4 34 13 307 9 .37.03 .23 343..0 33.0 7.340. 353.0 1.783
37-000 4811087 2.4491 3100.7 -1333!0 9 7*. 3 0. 7.578 394.2: 3.783
16.000 3(.3 342 980 -7.4 .7 43. 30. 1.4 35. 3.784

40.00 78.7 .0 7. 7 .2 1. 328 7 4311 .51 8.1 34 5. 1 3 3. 1787

24.002 878.437 2.378 7446.3 i-71 .327 345.9 32.3 8.7 3 54.. m0 3.9
.5.000 927.82 1 C3.3 938.42 -1; A.4 .32 3*. 30 . A .08 3 54.3: 1.7931

516.6 4 S. 1.3 3. 10. 734.51 7.3 .324 347..2 3: A:"-.7 354. 9 3.794

40.Oo.a 3',.1237 I.7 " 1397.0 -3.7 .325 34.7 9. 3.35 5.3 3.798

21:.'344 98989530
M5700 . ;332.2 77,434

170 0 60 8 7 2 4 80 88483.7 335.04 0 Z9 1480 0. 37. OW4 00 003I,0 3C.040 340.00*23. .20 4.3.0to

4.3110202.338 04.8428 3230.7 -79ý .4 2943..4 3 . .88 39.02. 3 770.4 33. :.99 .40
5.20 70.44. 32.329 934.01 -34.0 30.A 45 30, 34. 2. 7. 3. 3 .579 3.45*

7S.000 44.732 23.40'294. 33 7.47U : I.. 3 10. 0 3.9I 3..743 32.l3. 8. 4. .0 3.0
8 11075.437 3748 2830. 323.4 35..0 27.4 3.85 35.Z3.'323 349S. .2

3300 8.33 3397 7*. -702 73.97. 0 . 2C.244 4. 3 0 1.3 34. t.773

34.040 333.992 8.74)2477.5 -354.5 344.7 25.31 28733,.3 370.2 3.%. 024S

20.005 3940 ::I 511 0.55 2534.8 -3451.23 11" 11l Il 0 355.7 23.2 I8 33.8 37.941 :1 3:.84
-13. 307 0 .197 2523.9 -34.4.3 5. 22. 4325 372.8 38. 1.849

24.000 22.7::83 64:.s4 905 379 4. 2. .7 7. 8. .4
25000 230.4t7 7z.22 2448.3 -370.35 382.5 22 .0 , ) 3.8 373. 3 38. 3.88
24. 000 1: 1 1 29534 9 .47 14 248. -3323 33.0 123.8 1.30.9 384.3 3.8721 6

28.000 28.2 .3 453 -5.3 3?.4. 23.5 5.774 334.5 38. 3880 .
29:000 18.2 .5 24 2. -338 345. 23.3 5.9 3 149 33. 8

3000 2OO 4.23S 13.39. 27435.7 -354.38 344.7 231 8220 377.2 T38. 1.879

:,133 .00 344.937l 31 .1358 2404.5 -355.09 347.8 2 3.0 Z..4434 . 3 77.1 138 .59. 9

32.000 339.483 3.328 230457. -835.7 348.4 20. .8 7. 38. 389
34.000 1 134.382 A.?9. 2393.3 35.4-399 20.8 7.304 378.3 390.3 3.039.000 378.237 2.9 233. -377.4 070.4 20.4 73240 378. 39.0 .0

8 2003 ,9.8 2.2 235. -3347.0 39.7A8.833 33.71: 394.7 1.923
93. 000 48.34 2e.34 233. ? -333.03 373.8 9 . 9'16.0337. 399.2 .2
44.000 1574t409 2.309 2333.9 -382.42 343 3 92. 4 9,245 379.9 :0: 397.,: :3.,25

11.000 933.73 3.0593 22971.4 -30.74 377. 3 39. 9.893 380. 39. 1.938

IS0 534.0 .3.4 2287.3 -8146.78 30. 39.3 40.23;302 37. 3
348.730"': 3.2 2223 -309 37. 704.3 8. 9.3 3.937

33 33. '
If ' :'::I 1,:13 6ý:21

I4 . 11 1: : 0.



PRESSURE PROFILE DATA
SYSTEM LICUID BIPROPELLANT PC 1000. PSIA
CCMPOKENT TREF FORMULA DENSITY HFAT FORM WT. 0/0

CEG K GM/CC (KCAL/FOR8.wT.)

19@ N2.F4 1.SoC -2.0 AT.
29B 85.69 0.620 *7.'74 1.

eULK CENSITY 1 1.266 GM/CC
PIXTURE RATIO * 6.692 LB OXIDIZFR / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 248.97 EU/IOOGMS

ClAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA LCCO 398.1 15E.5 63.IC 25.12 14.70 10.00 3.941 1.585 .631 .251 .100 548.4
TEMP, DEG K 405C.9 3942.9 3196.9 2584.3 2C81.5 1831.5 1668.9 1330.9 1054.8 830.4 649.6 505.1 4238.7

',THALPV (-) .C8 353.1 60.OC 61.74 99.28 107.87 113.39 124.66 133.63 140.72 146.28 150.61 22.42
Cl, 3661 .3619 .3'75 .3521 .3453 .3410 .3376 .3292 .3201 .3113 .3036 .2966 .3634
IMPLL OFT 169.63 286.32 266.54 293.77 306.22 313.96 32).21 340.65 349.76 356.63 361.88 139.42
IMPLL VAC 252.49 276 .23 3C1. IC 319.03 327.5' 332.91 343.62 351.*8 358.24 363.12 366.85 2.7.79
EPSILON 1.053 1.594 2.772 5.08a 7.341 9.5R8 18.317 35.217 67.869 100.8C2 251.778 1.000

SHIFTING EXPANSION
PRESSURE, PIA ICCO 39H.. 156e.5 t3.ic 25.12 14.70 10.00 3.981 1.585 .631 .251 .L00 570.5
TEMP, DEG K 4850.9 4402.0 4CO0.3 3646.9 3292.3 3083.8 2937.7 2628.6 2364.9 2190.1 2029.1 1891.5 4569.5
E•TIHALPY (-I .C8 34.43 64.76 q9.65 115.46 128.00 136.43 154.79 171.00 185.47 198.51 210.36 21.53
X BAR 4.123 4.f00 . E88 3.791 3.711 3.672 3.645 3.576 3.500 3.421 3.343 3.268 4.047

S4.123 4.C00 3.E88 3.791 3.711 3.672 3.645 3.576 3.500 3.42, 3.343 3.268 4.04?
CP 1.5045 1.4773 1.3457 1.108C .8403 .7511 .7433 .67C0 1.0727 1.2666 1.4229 1.5278 1.4970
IMPLL 3PT 172.87 237.20 282.24 316.80 033.59 044.41 366.87 085.60 401.59 415.48 427.71 136.60
IMPLL VAC 260.92 294.0C 324.59 35C.11 362.94 371.29 189.02 404.01 417.72 429.59 440.20 253.63
FPSILON 1.C78 1.147 3.272 6.471 9.736 13.106 27.128 51.559 124.6C3 273.909 609.144 1.000

CCPP3SITION SHIFTING (MIL/lLJ (.M)
132.60 E .00C5 .0002 .OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .000)

-45.47 . F . 7150 .6996 .6E34 .6685 .6559 .6474 .6380 .5994 .5421 .4756 .4062 .3372 .7058
-133.84 EeF2 .2112 .1920 .1662 .1402 .1086 .0897 .0767 .0513 .0339 .0222 .0144 .C091 .2001
-27C.00 6eF3 .IC22 .1371 .11707 .2201 .2642 .2919 .3142 .3782 .4529 .5310 .6083 .6826 .1228

114.76 e.H .0CCO .OCO0 .OCO0 .0co0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
66.00 FPH2 .c0co .OCO0 .OCOC .0000 .C000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
16.00 P.H3 .Ccco .0CO0 .0C00 .000C .COC0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

199.30 P? .C0oO .0000 .0000 .000 .C000 .O000 .0000 .0000 .0000 .0000 .OOCO .0000 .0000
-124.20 P3-H46.3 .ccco .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .2000 .0000

18.86 F .4553 .3245 .2C89 .1124 .0433 .0199 .0104 .0021 .0004 .0001 .0000 .06410 .3739
-64.50 F.H 1.44E2 1.5262 1.5651 1.6238 1.6361 1.6234 1.6012 1.5069 1.3765 1.2323 1.0856 .942- 1.4974

58.60 F'S .0CCO .Ocoo .0CO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .00CO .0000 .0000
.00 F2 .OCCO .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .3000

52.10 6 .301b .2393 .I198 .1502 .1169 .0987 .0860 .0590 .0392 .0258 .0169 .0109 .2621
79.20 H.N .CCC6 .0C02 .0c01 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0004

.00 0-2 .0517 .0432 .0386 .0390 .0495 .0650 .0825 .1431 .2182 .2970 .3748 .4494 .0461
40.30 0-2oN .00CO .COO0 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-11.04 1-3.N .0c00 .0000 .000 .0000 .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 N .0G51 .0023 .OCIO .0004 .0001 .0000 .0000 .0000 .0000 .0000 .0000 C000 .0032

.00 0-2 .8335 .8351 .8359 .8362 .8364 .8364 .8364 .8364 .8364 .8364 .8364 .8364 .8346

"*114-



I
5V$4E3 LICUlO RIPROPELLANT PC 1000. PS3I

CONPONENT IPIF FORMULA DENOITY NEAT PORM 81. 020

O'G " [.1/CC 8eC8LFP6 IRR8.
139 N2.FN 1.000 -2.0 60.
296 89.89 0.420 .. 4 83.P0021k IOPATISOT9

C STA * 8398.5 POISEC
EPSILON PC/P P *SIA TEMP ENTIALPY CF CALl I OFT CELNAC DELVAC I SEA I AT I AT I VAC CP SEA CP VA8

CE0 8 RCAL/1OOGI0 G DEG PF LVt 10000 50000 LVL

,.:00 ICOO.C00 4850.9 -. 0R .466
1.000 1.124 548.390 *238.7 -22.42 .3A3 139.4 10R.4 .198 214.9 2*5.8 240.9 2*3.6 1.231 1.254
2.000 10.2C1 9R.C2T 2904.6 -70.38 .399 247.9 *0.9 .441 262.3 254.8 288.2 288.9 1431 .4*,42
3.000 1..1C7 55.204 2510.3 -84.3* .391 210.6 30.0 .598 290.0 297.7 302.8 303.8 1.40 1.533
4.000 28.S16 34..62 2244.3 -42.99 .0*6 214.3 28.3 .809 300.7 304.3 311.2 312.1 1.522 1.982
5.000 38.91? 2s.899 2094.2 -58.85 .346 293.1 24.S .991 304.0 306.4 316.9 3118. 1.536 1.612
6.000 90.924 19.t37 1964.6 -IC1.31 .A33 299.7 23.4 1.190 305.8 310.8 321.0 323.0 1.944 3.435
7.000 63.614 19.020 1862.1 -01.603 .342 304.0 28.R 1.3R4 304.2 312.3 024.2 328.5 8.549 1.8A2

8000 37148 12.942 1777.9 -109.78 .340 308.6 20.9 ,.9S3 383.8 32:.6 329.3 1.:389.000 58.418 30.439 1708.8 -032.13 .338 332.2 19.5 8.738 333.4 328.3 338.3 8.878
10.000 .1C.3k7 9.02 1144.. -114.20 .337 3'3 .IR.4 3.979 390.3 333.7 8.189
1.000 822.344 8.174 8590.9 -313.01 .36 317.8 17.9 2.184 331.7 335,4 8.97

12.000 136.9S2 1.19S 3543.3 -117.83 .)3S 339.6 17.2 2.598 332.9 037.0 3.705
13.000 15..101 4,409 1500.6 -13.03 .334 321.3 1.68 2.598 333.9 358.5 1.782
14.000 313.712 '.TS7 1462.4 -120.31 .393 323.4 34.1 2.359 334.8 339.9 1.78
89.000 198.520 5.223 8427.9 -328.47 .332 325.0 IS.7 2.998 33S.4 340.4 18.24
18.000 209.433 4.334 3395.8 -322.53 .338 326.4 19.2 3.192 334.2 343.4 8.729
18.000 227.4#3 4.396 8344.2 -123.50 .330 323.3 34.9 3.)31 336 342.5 3.73316.000 235.445 4.713 1339.1 -324.39 .329 326.5 14.5 ).%63 333.3 343.4 1.737
19.000 265.289 3.370 1333.6 -129.23 .529 330.0 14.2 3.345 330.7 344.31 3.74
20.000 ZE6.330 3.493 8090.Z -132.00 .321 333.0 1 3.9 3.930 336.3 344.9 1.73*
21.000 3C3.819 3.249 8260.2 -328.72 .327 331.9 13.6 4.,91 338.4 349.9 1.348
22.000 329.733 3.033 8247.4 -121.40 .327 352.8 13.4 4.405 398.7 398.2 8.73223.000 333.987 2.8*0 3227.9 -138.04 .524 35. 83.8 4.837 338 6.9 3.355

24.000 314.519 2.870 1209.5 -128.63 .325 334.4 32.9 4.627 339.1 34.61 1.157
23.000 343.:23 .933 11942.3 -329.20 .329 335.2 02.7 5.039 339.2 343.6 3.34024.000 420.1132 2.080 1335.4 -329. 74 .324 335.5 12.5 5.243 335.9 548.3 1.738

23.000 441.319 2.56 3355).9 ::0.20 .314 133.5 12.3 1 .441 835.5 346.6 1.768
28.000 416.2!8 2.14S 1345.0 -110.73 .523 133.3 12.3 9.843 335. 349.2 3.787

09.000 489.3L3 Z.C04 3130.7 -178.35 .323 I3.7 13.9 5f830 335.7 349.7 8,785
30.000 532.304 3.492 3337.3 -13.43 .321 338.2 1 1.6 8.030 339.8 303 .7 18

38.000 35I.52 3.868 13(4,t -332.05 .322 338.6 31.8 8.217 339.6 390,. 3.733
32.000 498.187 1.792 3093.8 8112.45 .321 339.1 31.5 8..00 319.5 350.8 3.35
33.C00 980.939 1.721 1079.3 -313.631 .21 :39.6 31.3 8.536 355.9 33.2 3.377
34.000 4C3.571 1.651 306:.2 -30).20 .321 140.3 13.2 8.393 391.9 3.374
33.00 626.04 1.519 1053.8 -303.55 .320 3.0.6 I1.3 4.921 391.6 1.80
84*000 858.704 8.934 3094.4 -175.90 . 12 Z 343.2 10.9 7.325 352.1 1.782
37.000 618.6.6 8.473 10986.1 -14.22 .335 341.6 30.1 3.337 352.4 8.763
38.000 7C5.911 1.413 1•28.2 -304.54 .519 342.0 30.3 7.550 352.7 8.780
39.000 703.530 1.363014.4 -304.84 .305 142ý4 10.6 7.783 353.0 1.738
40.000 761.353 1.3l3 3007.4 -135. 34 .I36 342.8 10.5 7.575 353.3 1.76741.000 769.58 1.2.27 998.. -305.43 .388 343.1 10.4 6.16 393.5 1.69
42.000 833.54 3.3 9.7 -305.70 .:2, 043,9 80.3 6.400 393.6 0.790
43.000 64.450 1.3E 981.3 -305.97 .317 343.8 10.2 8.312 394.0 1.793

'4.000 805.534 1.342 973.2 -004.23 .313 344.2 30.3 8.824 354.2 1.792
*5.000 9C4.815 3.305 945.2 -376.48 .133 344.9 30.0 9.034 354.5 3.794
44.000 903.83. 3 0.01 .57.6 -310.32 .318 144.6 9.5 .244 394.3 3,799
*7.000 913.217 3.c36 950.3 -36049 .331 3.451 9.6 9.492 394.9 3.398

.8.000 94Z.83I 1.00o 042.8 -137.39 .318 349.4 9.7 9.840 355.3 3.797
49.000 3022.5C5 .478 93S5. -177.43 .316 049.4 9.6 9.864 359.3 1.798
50.000 30!2.211 .450 926.9 -107.80 .535 343.9 9.I :0.073 355.5 3.7997.3.3 0S.038 14.t96 1831.5 -307.67 .343 304.2 28.3 8.453 304.2 332.8 325.3 323..36.549 3.897

:iý?: .141 30. 21. 1.4G¢l 51 306. 11 75 .

C STAR . 4599,6 PT/SEC

EPSILON NC/OF P8 001 E36'4LP( C0 C8AL/ I 3C7 OTLOAC CE0L0 ' I SEA I 83 3 AT I 1•C CF 98 CCOG * 8C8(OOG-I G3010fG I- LVt 30000 50000 L'!L
1.0co 0coC.000 4650.9 -.06 3.505

1.000 1.773 170.541 4949.5 -28.93 1,497 138.8 187.0 .205 290.8 250 .9 23.3. 253.4 1.238 8.222
2.100 6.147 322.740 3920.3, -8.:43 .299 241.1 91.9 .423 295.4 297.2 300.6 303..6 1.0 1.430
3.000 34.409 48.CTN 3493.4 -04.49 3.143 277.8 43.4 .437 311.8 334.4 339.5 320.9 1.919 1.89
4.300 23.3C9 44.37 3539.9 -49.35 3.022 293.8 39.2 .3S5 220.8• 324. 333.4 532.8 3.983 3.623

'.000 28.980 34.707 3424.0 -306.97 .933 309.0 34.2 1.040 829.8 330.S 3)9.4 341.2 1.968 1.444.000 74.48 27.444 3550.3 -335.03 .645 313.5 34.3 3.Z43 329.4 334.9 34S5. 343.8 1.408 3.8997.000 442.20 22.9 325 3 5.3 -337.97 *837 342.2 32.5 1.439 331 36.0 390.3 3S2.8 1.1 1.720
6.000 52.834 16.427 3383.2 -322.12 .764 325.6 58.2 3.44C 332.0 340.1 354.2 353.0 3.622 8.740
9.000 13.S95 14.240 3123.3 -325.48 .742 340.4 90.3 3.850 333.4 341.8 353.5 3140.8 3.21 1.796

30.000 10.404 14.386 3070.3 -0283 334,.6 29.3 2.052 342.8 340.2 583.7 1.773
31.000 79.649 12.24 35022.9 -371.93 3)8.2 28.3 2.259 343.3 362.8 366.5 1.787
12.000 09.3t8 33.190 2900.2 -333.99 343.3 27.b 2.468 343.6 384.7 346.9 3.796
1)3.000 46.982 0.303 2941.4 -304.23 349.3 21.9 2:647 368.9 373.8 1 .809
14.000 111.0O7 9.348 204.8 -303..22 358.7 24.4 2.677 386.8 333.0 I.889
35.000 139.454 :.]?7 2875.3 -140.07 349.0 29.9 3.098 389.6 374.9 1.62784.000 830.034 7.890 2846.0 -848 77 353.3 29.4 3.305 330.9 378.5 1.63o
7 ?.000 140.70? 7.103 2819.2 -343.34 353.0 29.0 3.189 372.0 376.0 1.843
18.000 191.643 4.994 2794*. -344.83 354.0 24.8 3.732 373.3 339.9 2.6:0
39.000 102.544 4.35 2378.2 -144.3 359.5 24.3 3,944 374.0 380.8 18.58
20.000 373.545 5.343 2749.4 -347.48 396.3 23.9 8.899 37T.9 382.0 0.842
28.000 384.815 5.41 1 2729.4 -148.83 3%9.S 23.8 4.362 37?9. 363.2 3.688

22.000 195.824 9.332 2700.4 -349.83 380.5 23.3 4.547 336.9 364.3 3.83
23.000 216.C:0 4.640 26912. -150.68 362.2 23.8 m.a89 377.2 383.3 1.724.000 237.923 4.95 2475.7 -393.90 363.4 22.6 4.947 371.6 368.3 1.:83
23.000 228.333 4.739 2499.8 -352.87 384.8 22.4 9.142 378.4 383.2 1.868
26.000 239.143 4.182 2644.' -353.8u 364.7 22.4 5.353 378.9 386.3 3.892
27.000 249.i6 4.CO3 2130.4 -194.40 346.7 22.2 9.5*1 379.9 366.9 8.894

28.000 2808.80 3.689 2418.9 -85.93 3.7, 22.0 9.757 379.9 36. 1.900
29.000 214.2853 .044 2404.2 354.33 346.7 21.6 5.970 360.3 390.3 1.904
30.000 204.?78 3.483 2992.0 -135.33 349.8 21.8 '.200 380.? 391.2 1.907
38.000 299.344 3.340 2580.4 -393.5 3710.5 21.9 8.422 361.0 398.9 1.913
32.000 312.053 3.209 2569.3 -356.97 371.3 12.3 6.4 383.3 392.8 1.914

33.000 324.833 3.C09 2358.8 -899.26 372.1 21.1 8.064 388.8 393.3 3.98?34.000 307.641 2.962 2S46.4 -859.92 372.9 23.0 3.067 361.8 53939 1.920
39.000 350.444 2.893 2536.6 -380.58 373.7 20.9 7.306 362.0 394.9 1.923
38.000 383.308 2.792 2529.3 -13.16 334.4 20.7 7.526 362.2 395.1 1.928
37.000 3 08.3C0 2.857 2520.0 -le8.?7 373.8 20.8 7.747 362.4 395.7 1.929
38.000 389.239 Z.389 2511.2 -362.346 379. 20.5 7.944 382.4 398.2 1.932
39.000 4C2.132 2.467 2902.8 -14.92 376.4 20.3 6.818 382.6 398.7 9.934
40.000 41:.029 2.409 2494.8 -813.44 377.0 20.2 8.39S 362.9 337.2 1.937
41.000 427.649 2337 2488.7 -883.99 377.4 20.8 6.808 236.1 393.7 1.939
42.000 490.732 2.249 2479.8 -884.51 376.2 20.0 8.689 363.2 396.2 .1941
43.000 453.520 2.205 273.7 -84900 037.6 19.9 9.028 36:.3 3967 1,.944
44.000 4E46.254 2.84 2444.5 -384.49 379.3 19.8 9.239 30.4 398.2 1.546
45.000 478.928 2.06 -2457 '.8 -38.9 379.9 19,. 9.440 343.9 39.81 1.948
4*.000 4 91.530 2.034 2450.8 -884.42 360.4 19.6 9.842 363.8 400.0 1.950
47.000 504.080 1.904 2444.) -886.67 360.9 19.5 9.642 363.7 400.4 8.952
48.000 931.530 1.53& 2937.9 -887.34 388.4 L194 10.040 383.? 4009 18.994
*9.000 926.60 3 .898 2938.3 -187.73 3 1. 9 89.4 10.239 363.6 903.3 1.954

50.000 51.:8I.6 13.46 42*.7 -308.13 362.4 19.3 3C.428 313.9 401.6 1.95s
9,738 88.044 14.894 3063.8 -182.00 .791 333.8 29.3 1.99? 333.6 342.4 399.9 382.9 1.626 8.749

I



PRESSURE PROFILE DATA
SYSTEM LICUID BIPROPELLANT PC 1000. PSIA
COMPOKE6T TREF FORMOLtA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC (K! AL/Fr3RM.WT.J
198 N2.F4 1.SOC -?.0 90.
208 KS5H9 0.62C +7.74 IC.

PULK CENSITY 1.314 GM/CC

PIXTURE RATIO 9.000. LB OXIDIIER / Lb OF FLEL

PRESSURE PROFILE DATA

CO-AMPER FNTROPY 236.07 EU/1OOGMS

C-APBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA ICCO 398.1 15t.5 t3.1C 25.12 14.70 1O.nO 3.981 1.585 .631 .251 .100 545.2
TEMP, DEG K 4893.3 397C.1 321!.7 2594.5 2087.6 1836.1 1672.7 1333.5 1056.9 832.4 651.6 5C7.1 4264.8
ETr ALPV (-! .51 32.2. 5 7.97 78.76 YD.53 103.72 108.39 119.7, 128.31 135.07 140.38 144.52 22.15
CP .3454 .3418 .3!81 .3334 .32'6 .3238 .3209 .31334 .3051 .2971 .2899 .2834 .3431
IMPLL OPT 166.17 223.39 26C.93 287.51 299.66 307.21 322.C8 333.44 342.15 348.83 353.96 137.21
IMPLL VAC 247.27 272.3B 234.68 312.16 320.46 325.69 336.14 344.20 350.40 355.17 358.82 242.72
EPSILON 1.C53 1.5•1 2.164 5.071 7.314 9.551 18.244 35.084 67.643 130.454 251.311 1.000

SHIFTING EXPANSION
PRESSURE. PSIA ICCO 398.1 15E.5 63.IC 25.12 14.70 IC.O0 3.981 1.585 .631 .251 .100 571.9
TEMP, DEG K 4393.3 4471.0 4130.1 3e24.9 3566.1 3425.4 3329.0 3110.3 2899.7 2679.9 2413.2 2124.6 4633.1
E!,TIALES {-) .51 33.57 62.93 89.21 112.89 125.62 134.33 153.81 171.55 187.67 202.15 214.87 21.05
X BAR j.926 3.793 3.t69 !.554 3.448 3.391 3.351 3.264 3.187 3.123 3.083 3.055 3.844
N 3.926 3.793 3.669 ?.554 3.448 3.391 3.351 3.264 3.187 3.123 3.083 3.055 3.844
CP 1.86S5 2.0696 2.2C22 2.2492 2.1882 2.1029 2.0197 1.7390 1.3486 .8767 .4998 .5479 1.9962
IMPLL OPT 169.60 233.04 277.9C 312.68 329.91 341.20 365.20 385.74 403.51 418.83 431.84 133.68
IMPLL VAC 256.70 289.25 320.15 346.67 360.35 369.47 389.23 406.45 421.44 434.19 444.84 248.87
EPSILON 1.080 1.761 3.333 6.720 10.282 14.035 29.971 64.390 141.125 303.527 645.050 1.000

CCMP7SITION SHIFTING 1MOL/100 GM)
132.60 P .CCC2 .Oco0 .GCO0 .OOO .COCO .0000 .0000 .OCO .0000 .0000 .0000 .0000 .0001
-45.47 !-F .4C24 .3673 .3!24 .2985 .2660 .2478 .2351 .2063 .1802 .1591 .1466 .1302 .3811

-133.84 e-F2 .2124 .189Q .1643 .1380 .1129 .0992 .0899 .0695 .0517 .0361 .0219 .0109 .1992
-210.00 e.F3 .1766 .2343 .2S48 .3550 .4126 .4445 .4665 .5157 .5596 .5963 .6229 .6504 .2110

114.76 E.H .COCO .0000 .OCO0 .OC0 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
66.00 E-H2 .OOCO .OCO .OCO0 .0000 .OOCO .0000 .0000 .OOCO .0000 .0000 .OOCO .0000 .0000
18.00 e-H3 .OCO .0000 .OCO0 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

139.30 e2 .CCCO .0000 .OCO0 .O00C .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-124.20 P3.46oh3 .COCO .0O0O .OCOO .00O .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

18.86 F .8544 .7184 .5923 .4761 .3696 .31lq .2724 .1847 .1075 .0447 .0077 .0005 .7707
-b4.50 F.H 1.24S4 1.2926 1.3232 1.3454 1.3618 1.3695 1.3743 1.3839 1.3912 1.3961 1.3941 1.3573 1.2774

58.60 F.5 .ccc1 .0000 .OCOC .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 F2 .C000 .0001 .OCO .0000 .COCO .0000 .0000 .OOCO .0000 .0000 .0000 .0000 .0001

52.10 f .15C5 .1150 .0894 .0704 .0561 .0493 .0450 .0362 .0291 .0232 .01R0 .0126 .1276
19.20 4oN .CCC3 .Ocol 0C01 .0000 .OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002

.00 H2 .0122 .0085 .OC60 .0044 .G034 .0029 .0027 .0023 .0022 .0027 .0063 .0274 .0097
40.30 -2.N .OW0 .0000 .OCO0 .0000 .COCO .0000 .0000 .Oco .0000 .0000 .0000 .0000 .0000

-11.04 43-N .0OCO .0000 .OCO0 .OOOC .0000 .0000 .0000 .OOO .0000 .0000 .0000 .0000 .0000
113.00 K .OC57 .0029 .0015 .0008 .00C4 .0003 .0002 .0001 .0000 .0000 .0000 .0000 .0038

.00 K2 .8622 .8637 .8645 .8649 .8650 .8651 .8652 .8652 .8652 .8652 .8653 .8653 .8632
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DEG GM/CC IKCAL/FIRR..T.2

248 14.03 0.2 977 go.

C SEAN 708F/I
EPSILON '(I. P 9574 TI:EMP 4IAOMO CP CALl 2 I F 0; I.( A C IVC SEA I AT I AT I VAC CF SEA CF VAC

CMI 9 C CAL/20000 G0 0E0 IF ILL 10000 00000 082.

1.000 214 S 4.201 2140 -22.1 .333. 050.4299 2407 24. 027.20929
2.000 2024 1.190 2974-73 39 4. 39.9 24.6 218. 2. 292. 1.3 .442

3.0 111 4.41 27.3.. -,12.34 .333T 24.2 32.2: .R R.6 ?99.4 296.! 291.4 1.4921.9
..00 2l71 34.12 ..92-.A .93 27.4 27.6 .793 294.4 291.9 304.7 304. 1.1,21,08

1.0.0 79.069 21:!l07. 442 .32,1 211. 24. .40 7432910.2 39A 1.03 .41

A.000 $1.240 99...3. 99.7.7 4. 4 .3:231 0.1.4 30 30. 2. 2. .4 .3

7.0 t3.917 10.93B 1844.4 -I2.129 .32t 296.3 21.2 9.35A 29. 304 31. 0 329. .4 .
,4.000 27.472 22.132 2773.9 -310.44 .323 302.3 20.0 2.440 301.4 333.46 322.3 2.644

22.000 ~ ' 2L'.24 C.242 259. -290 1 323004..234 324.7 329.3 .0

24.000 22.70A 4.224 2409.1 24 .327 3240.8 24.7 2 .14 2. 3. .9

20.00 0 242.45 0.3 2:ý 428. 4-124.1: .32 '1 1 26L.0 20.2 2 ,9905. 326. 93.3 2.722
24.00 0 2047 .16 23o. -277 .30194 2483.2 326.9 334.2 2.412

23.000 314.0C6 22941 ý3 - 1 .02 . 20 324 41 2. 6 4.322? 33 .4 3332 3 . 14324.000 336ls0I.?215:.14122.5 04 2220.2I -2.4 31921. 2 22. 4.121 932.7 339.6 9.704
2 2.0 0 ,31.5 .71234.9. -2247.44 .331 928.0 22. 4.3 432.0 401 2.742;

27.400 00 9.3 .4 2 240.4 -224.23 .1'08 323. 22. 4.3l30 33.2342.2l 9.I
!9.000 247.7i2 2.C23 2245.4 -204.33 .90 321.1 2. 8 0.02 33.2 342.1 1.7446
09.00 44230 2.13 23.-240 .01 33C.9 22. 0.2 33.3 34. 2.4
90.000 024.04 2.44 227. A244 .307 932.0 22.0 530392.:424 2.7

92 0 0 5 8 0 3t :62 0 .8 - 2 . 4 . 0 3 . 2 3 :. 0 14 312. 0 3 42. 6 .10 72

32.000 492:0.06 2:.739 222. -227:l 222ý, 3O . 14 1: 33. 22.2 1 1.4 392.5 343 . 3.191:,S
33.000 509.824 2.72 30%5110.4 -1223.49 .30 932.4 22.0 4.437 332.5 333.4 2.17

20.30)951 .0)1 2 1.403. 340.3 2.6

42.000 1122.45 2:.2214.5 -250.9 .319 33.100802 4. .

44.000 80/I A .3 7. -1'U.13 .9R02 336.7 3.6 8.44 346. .192

94.0001 919.45? 2.202 944S.0 - 212 .07 .302 032-1. 3.7 5.8462. 344.7 3.732

97.000 419.993 2.3950.3 it 22 .1 397.19. 3.3 343.2, 1 .734

.3.00 0 2 I 0123.8 2 . 7 3 . - 52.. 5 . 302 73811 .2 91.4 .9.64 ) 3? 47.1 3 794
20.000 2053.6 22 4599. 22.8 .0 33. 4.3 4.1 434.2 2.101
7.324 6C6.045 24.-9 263.2. -2W.72 .32 2 ,333.7 20.1 2 .42023734. 2. 32.204246

01279 08A17

2.0 C.020 k, 210 000 83.: -12.02 2.369' 'A 9

42.34 2352 3542. -224.24l : 2.262 32. 13.6 2.2 327.3 333.4 95.7 3456. 2.21.726

422.000 74032.30442 -22.0 2.084 332.4 23.3 2.?27 33. 30. 34. a.3

23.000 4L2.2 262.415 3332.3 -7.23204 335. 6.1 2.422 34. 8. 41. 2.42

21.000 227.273 7.847 3272.9 25.7.99 377 2 .2 3.0438. 374.284
21.000, 24.794 7.323 3200.2-903 2.339 343.6 26.1 3.4030. 324.3? .4

1.0.000 255.84 6.2 I1322.4 -26.7 2.0 343. 24. I .7 312. 379.2 9.68
29.00 0 214.552 1.4 220.0 -2439.43602.9 9.292 313. 76.4 1.;663

22.000 27.224 14-.70 3237..2 -262 2:164 35. 24.4 4.41527 . 3 705. 9 916. 2O.4 1.4 2.615

26.000 223.74 4.178'00 3249.9 -2501 210434.0 24.72 4284 : 371 'l 4.7 10. .
27.000 22.01242 4.41329.4 -25.6 2746. 2 24. 4.480 317. 93161 3.32
26.000 12.733 a .3 329.21117. -202.25 198l 36. 2 .4 I 4 .470 1 9 77. 387.4 2.119 1 2 141
20.00o0-22.0 49.29 3224.4 -2ý53.022.4 74.2I 24.2 0.147 37:6 1 .4 388.4 2.323

32.000 212.2"423.0,94 322.0 -234.43 2.72 34. 23.3 6.24 373.4 33.0. 293
32002233 364022-0.92120 347.2 231 ?4.473 35. 373.1 390.6 L.990

33:000 283.773 3.2 3063. -244.2 2.49 34.S346o336. 9. 43400 294 939 3004 1-24141 9.432 348.62.4S 4:.30 29. 31 6011.4 332.2 6.:341.6
34.00 0 3(0.472 3.272 34674 -257.4312 2 ý.46 3 9. 1 2 0. 7.11: 1222 . 380.6 332.9 2.6 3 421

9 4 .0 0 0 3 2 A . 7 2 4 3 . 2 4 70 0 4 3 . - 9 3 82 0: 2 . 4 3 7 . 2 3. 2 7. 9 38 . 0 3 3 4. 0

37.000~~31 32118 3.4 3025 -2.4 242 32.:30 7443 93 3 4. 9.307
3600 3.I32 12.952 3030.2 -249.47 9.0623 372.922.3 7.721 382.4: 30. 1.340

39.0800 330.104 2O.87 30382.2 -120.07 2.426 312.4 22.6 1.964 362.6 3944 924

,:0000 31 3 2"71 30 0 92. -21 0.46 2 0 31 3. 72. 6.230 362.0 394. 9 346
42.0337.4 9 2.8 040-1.424937. 22. 6.62 362. 394l1 .49944

42.0000 363.426 2.4907 3027.9 -392.102.560 3414.4 22.4 3.342 30.4 337. 1.&S31

44.000 C6.023 2..643 3004.3 -292.67 2.056 334.6 22.l39.041 362.7 396.2 9.617

43 00 499.793 2...2 6 129 4.2 -2143.32 .9. 02 376.7 29.6 20.079 3 13. 400. 1 :2. 6

20.00 0 l47.736 2.24 2906 -290.147.2 2.990 373.2 22.7 2024 36. 400.9 19009

2022 9809 29.9 3424.4 -220.62 2.203 323.30. 24.01 3.29.9 339. 196.8 34.39.43 1.783

to'?



PRESSURE PROFILE DATA
SYSTEM LIMUID HIPROPELLANY PC 300. PSIA
COMPONEFT TREF FORMLLA DENSITY HEAT FORM WT. 0/1

DEC K GM/CC [KCAL/FORM.WT.)

ISe N2.F4 1.50C --2.0 aC.

2S8 rSo-9 0.620 +7.74 2C.

EULK CENSITY = 1.168 GM/CC
PIXTURE RATIO 4.000 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMHER ENIROPY 280.66 FU/IOOGMS

ChAPBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 3CO.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .68c .285 .119 .050 163.3
TEMP, DEG K 4002.2 3280.3 2680.6 2182.7 1980.2 1769.8 1427.7 1145.2 913.0 723.5 569.9 446.4 3483.9
ENTI-ALPV (-j -. 9i 2t.80 53.12 72.96 8C.91 89.08 102.12 112.61 121.00 127.68 132.95 137.09 20.47
CP .4145 .40I5 .4C20 . 33946 .39C7 .3858 . 1760 . 3663 .3565 .3474 . 3390 .3320 .4104
IPPLL OPT 160.78 216.80 253.5C 2t6.80 279.80 299.39 314.26 325.67 334.46 341.25 346.49 136.38
IPLL VAC 244.28 267.41 266.74 237.17 305.69 318.91 323.18 337.1S 343.32 348.C9 351.77 240.93
EPSILON 1.C38 1.501 2.435 3.229 4.375 7.872 14.358 26.365 48.554 89.472 164.742 1.000

S-IFTING EXPANSION
PRESSURE, PSI 3C0.0 125.7 52.66 22.C6 14.70 9.244 3.873 1.623 .680 .285 .119 .050 17C.0
TEMP. DEG K 4002.2 356C.8 3172.8 2E41.9 27C7.8 2569.6 23,.7.2 2161.1 2000.7 1856.9 1722.6 1589.2 3708.0
ENTIALPY (-) -. 11 29.67 56.31 79.6C 89.50 100.12 113.36 134.71 149.49 162.91 175.12 186.23 19.53
X BAR 4.734 4.611 4.535 4.440 4.395 4.344 4.249 4.155 4.067 3.385 3.912 3.850 4.666
N 4.734 4.631 4.S35 4.440 4.395 4.344 4.248 4.155 4.067 3.985 3.912 3.850 4.666
CP 1.0C52 .9538 .9,68 1.0162 1.C771 1.1561 1.3067 1.4139 1.4454 1.3849 1.2235 .9698 .9682
IMPLL OPT 163.11 223.11 264.66 28C.45 296.47 322.11 343.49 361.72 377.51 391. 33 403.49 133.36
IMPLL VAC 250.51 278.86 305.88 317.14 329.02 348.88 1Tb.09 381.17 394.46 406.22 416.60 245.52
EPSILON 1.C54 1.R05 2.832 3.784 5.337 10.474 21.111 43.355 90.183 189.088 397.404 1.000

COMPOSITION SHIFTING (MOL/100 GM)
132.60 e .CCC6 .0002 .OCOo .0000 .COCO .0000 .0000 .00CC .0000 .0000 .0000 .0000 .0003
-45.47 0.F 1.4510 1.4509 1.4349 1.3968 1.3114 1.3375 1.2648 1.1868 1.1087 1.0340 .9654 .9063 1.4524

-133.84 PF02 .1010 .0868 .0745 .0624 .0566 .0498 .0377 .0273 .0189 .015 .0079 .0045 .0914
-270.00 E.F3 .03C4 .0451 .0736 .1237 .1550 .1956 .2805 . 3689 .4554 .5364 .6097 .6722 .0389
114.76 PVr .OCCo .Oco0 .OCOO .0000 .COCO .0000 .0000 .0000 .0000 .0000 .OOc0 .0000 .0000
b6.oo 6eH2 .0000 .0000 .C000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.00 e.H3 .COCO .0C00 .Oc00 .c00C .COCO .0000 .0000 .00co .0000 .OO0 .OUCO .0000 .0000

199.30 e2 .00co .OCO0 .0coo .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-124.20 e3.19*K3 .CCCO .0000 .OCO0 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

18.86 F .0372 .0137 .0042 .0011 .0006 .0003 .0001 .0000 .0000 .0000 .0000 .0000 .0197
-64.50 F.H 1.2952 1.3030 1.2677 1.1825 1.1263 1.0521 .8947 .7283 .5638 .4081 .2663 .1446 1.3049
,8.60 F.N .00co .0000 .OCOO .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0co0

.O F2 .CCCO .0000 .OCO0 .0000 .COCO .0000 .0000 .OOCO .0000 .0000 .0000 .0000 .0000
52.10 - .5447 .3784 .279' .1415 .1097 .0821 .0480 .0281 .0162 .0090 .0045 .0019 .4340
19.20 F-. .COC3 0001 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002

.00 12 .5045 .5839 .6711 .7627 .8067 .8576 .9533 1.0464 1.1347 1.2162 1.2893 1.3515 .5551
40.30 1-2. .OCCO .0000 .0CO .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-11.04 -3-N 0OoCJ .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 K .OOC7 .0002 .Oc0o .0000 .00co .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0003

.00 N2 .76E6 .7690 .7691 .7691 .7691 .7691 .7691 .7691 .7691 .7691 .7691 .7691 .7689
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504766 LICUIO PELL375 1*4 PC 30. 52

238 9280 .500 -2. &C.

FRZE EXPNSO8 20.1. 225

5652179 P022 I I22 7I9I 69222 7C I ;7 0180060l S;2 2 CF vt OF5L F 6

A.0 3.02 02.2 L .920 .K425" LL Z'O. 5.0 IAC

.00 0.31 263.221 * 2482.09 -20.61, .10 236.4 104. .-4 232.9 234.4 239.8 240. 2.26 .25
.000 10.123 29.565 2310.5 - 5.3 .398 20 . 39.6 234 609 2.8 2383 46.9 2.9 206

3.00 1125 6.3 2035.3 -28.15S .392 263.3 3 1. 2.929S 266.6 27.2I 292.6 29. 2.3388 2.,136
4.000 26.1 20.56 1 8129.0 -76.79 .307 276.2Z 72 296 270 9. 0. .7

S.000 39 .9C2 7.512 1685.0 -42.34 .384 2Z38 4. 2 .2,0. 0. 1 .809

6.000* 52.:48 5.58 256.2 -6.50 .3.2 292.2 22.21 .8 306.6 313.3 2.3

8.000 19.542 3.179 24219.3 -2.4 37 
9

B 2.4 4.22 30.' 32. t.862
9.00 45.049 3.25 2359. -2C01:.6 .374 303.2 L18.1 .2 2. 2.4 2.876

20o.000 2.41 : .4.'19 -066 32 398 15 64732.,2. .8
2100 228.189 2.240 1223.0 -208.21 .312 308.2 26.3 .1.63 3 22. 2.0 2.682

13.00 262.02 1.51 227.8 221L.05 .566 :3222 2. .2 2. 2. .0
24.000~~~ 1789S 2.7 259-2.2 273312.1 4.9 328.8 2.7221

26.000 22.2 .110 2202 -242 364 328.5l 24.2: .23308 .7
17.,00.0 2 :8.2 o 1.26 ,07.7 -215I.15 .364 2111.8 23.9 20.996 332.6 2.721
26.000 25 10 .251 2050.2 -225.37 .36 32.M35 26433..3
29.000 2t0.512 1.0 3 26.2 -267132 349 2.22.63. .3

20.000 3C2.219 .49) 2022.S 1274 .3 2 320.3 22. 2.007 393.8 1.73822.000 324.022 .92 30.S12.9 .66 3226 1. 23.6334 271

221000 63592 .IS972 -281 39 522.6 22.4 :'26.29 32. 1.4

"I ý
25.-000 411.522 .220 93. -12.2 .31 248 1. 14.20 336.5 1.152

2.0 42.4 .92 927.8l~ -210.83 .357 225.08 2. 1 2.67 3 5: 337. 2.5

27.000 45.24 .6 90. -013 A36 28. 242.0 3471. 1.5

29.000 508.465 .590 830.3 -122.15S .15S 221.2 22.0 26.61'2 33. 1.1621

32.000 578.225 .510 868.5 -1223.20 .3M4 2231: 2 0. 2012 32.1.6

34.:000 642.92 .42 82021 1430 25 2. 0.3 22.062 3.1.7
I5.00 6050 .,442 820.2, -ý226.60 .2l 330.21 20.2 22:223 302 .12

31.000 726.422 .422 80C2.0 -122.090 .2"2 230.8 0.3 24.048 340. 2.714

39.,0000 782.22 .22 790 -254 1 20. 3:.1 '2S:302 3422 277

40.000 822.0o 370 .21 79.3 -1215.12 .35 6. 3.6 2.70 34,1. 1.778

4.6.00 8!..328 ý .5 1:12. -225.0 .0 3,22.2 0.5 2.00 34.8. 1.180

S00.020 02.46 25 151.0 -1226.10 .309 26.2 9.2 26.430 542. 178

46.000 9081.05 .;G 106 7 12 I. -2125 .30 233.8 3. 29.62'4.8
07.000 2009.320 .20312.6 -22.3 .36202 9. 02334. T.8

49.000 2037.620 .232 22.4 -227.56 30 16. 220.24303.0 21088

53.229 20.421 4 .0 2990.2 -60.921 .394 266.8 30.4 1 2.062 286..6 225.9 2913.6 297.2 1.389 2.547

I'574 6 .636.08256

EPSILON 6026 A 552* 268 CAL/20 0 I 04 pt 2 .272 063 L ..* I ..8 2 ' I7 I I 2 ' 080 S' 26 F 22

2.02 10014022: . 32 2:.005
2.00 2.6 "2.0 38.0 -2.5 .065 22. !222 .60 235:.8 238.7 244.4 209. 2.240 2.129

2.000 000 003.6059-65 0. 22239 270. 22. 28.a 9. .6 .8
3. 000 14.7106 2 0.2 282. 6 -'2.66 228.0 40.2 2.983 219.2 287.0 304.9 308.2 2.4.10 .5
4000 22.01,0 23.C50 2680.60 -02.23 283. 05. 2.40 2912.0 320.7 3291.2 2.623
5000 29.622 20.02 2594.3 -49.2 20.103 33032. 2.1.5

7.06 680 0 21 3. 20.2 302.6 23.. 30.62 2. 3. .0

4.000 160.623 6.533 2392.5 202 36. 219 .05344 44.1. 1.742
&0.000 73.4C) 4.(@? 2360.8 -2.0 105 2. .2 3. 4. .5

2'000 763 3.2 :03. - A 2956 223.8 26.4 7.2812 378 30..6
22.00 42.760 3.6 2307.91 -222.72' 326.6. 25.8 7.8 338.8 352.9 1.782
23.0000 203.040 2.422 2285.2 -223.45 320.2 25.3 86539.7 3545 1.9

24:.000 223.416 2.60 2265.5 -225.42 33.)2. .0630.3 3960 2.0

5.00 22 .26 2.424 2247.2 -221.02 323.6 2 14. 2:0.0 300.9 358.2l 2.809
26.000 104.225 2.2223.:2552 358 2.4072 4. 5. .2

2700 24.17 2)02 2242 -200 31S.6 231A2.2 342.6 681.2 2.826
18.000 150.469 2.402 2200.3 -212.290 339.0 23422.6 34.9 362.:4 283

19.0026.45 272 2268 -0239 24.6 23. 22.68 392. 363 1 2.31

20.0 * 30 .2 L.1222 2220.2 -2!3.53 212.0 22.9 13.202022 36.;.4

22.000 250.912 I3 2252. -5.2 346, 22. 2455 367.0 .89

23:.000 21611 1.454S 2250.6 -21.1 25. 22252338. .9

25.00 29. 1 : .102 222. -183 108.2 22.8 2669 369. 0.6
26.0 2*2'26 2.4 2220-2.7 232 22. 1 736 37. 0.83

2 7.000 252.940 2.186 2203.4 -279.91 350.2 22. 28.00 312.7
28.000 260.7129 2.223 2095.2 -240.73 352.0 22. 18.71 3'72.3 2.88
29.000 22.8 2.8 2281.2 -20.4511 352.9: 22.2 219.060 373.0 2.83)0.002836 240 2 07. -222 352. 20.9 20.23593. 2.8
31.000 300.200 .%99 20192.4 -252.82 353.6 20.2 20.82737. 289

32.000 321.961 .442 2049. -163.421 394.0 20.2 22.:492 375.2 2.89
,33.000 323.703 .. 22 205.6 -2: 4 .09 355.2 20.5 22.259 375.7 2.898
34.000 13S.352 .694 2052.21 -244.10o 355.9 20.0 22.820 37.31.03500 3703 .6 04.3. -205.2 35. 03 23.473 3769 :2904

,600 3.42 "3 203.8 29.6 352.3 20.2 24.22757. 290
3700 370.061 .822 200349.0 -246.38 098.0 20.2l 24:74 7.0 2.2
3800 372.05 .28 2083 -269 358.6 20. 2538 37. 1.92'3

39.000 392.80 .16 2022.8 -241.02 390.2Go 2 .9.9 28.00237. 299

40.000 904.206 :112222. -127.92 359. 29.8 26 3 37. 1.92
42.000 425.250 .22 202.3 -2881.40o 6.9 2. 27.2,8. .2
42a.00 426.322 .204 20073 -29.5 06.1982.28. .6

.4.000 492.450 t649 272.4 -2529.22 365.0 28.9 33.250 383.: 199

4':."0 * :-1114I 0 4 .7 : : :;:3 11' 9:.
I.0 :22 L41@. 1k0 6. 11. 6. .:

*;:



PRESSURE PROFILE DATA
SYSTEM LICUID PIPROPELLANT PC 300. PSIA
C"MPINENT TREF FORMLLA CENSITY HEAT FORM wT. 0/0

DEC K GM/CC IKCAL/FORM.wT.)
19E N2.F. 1.50C -2.U 83.
29e 95-H9 0.620 +1.74 17.

EULK CENSITY * 1.208 GM/CC
MIXTURE PATIO 4.882 L8 OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CFAIHER ENTROPY 272.21 Ej/IOOGMS

ChAF0eR THROAT

FROZEN EXPANSION
PRESSURE. P!IA 30C.0 125.7 52.66 22.06 14.10 9.244 3.813 1.623 .680 .285 *119 .050 163.2
TEMP, DEG K 433C3.8 3524.5 2L78.3 2343.1 2125.6 1899.8 1533.2 1230.6 981.8 778.4 613.? 481.0 3743.1
ENTIALPY I-) -. 49 29.96 54.69 75.21 F3.35 91.72 105.08 115.83 124.43 131.28 136.69 140.95 21.47
CP .3935 .3483 .3P26 .3762 .3728 .3686 .3599 .3502 .3411 .3323 .3244 .3175 .3899
IMPLL OPT 162.80 219.49 256.62 270.07 283.23 303.04 318.10 329.66 338.57 345.46 35C.77 138.20
IMPLL VAC 247.33 270.69 292.27 3C0.80 309.42 322.60 333.21 341.29 347.55 352.39 356.13 243.95
EPSILON 1.C38 1.500 2.493 3.227 4.372 7.870 14.363 26.391 48.631 89.677 165.226 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 3CC.0 125.7 52.66 22.06 14.10 9.244 3.813 1.623 .680 .285 .119 .050 169.9
TLIP. DEG K 43C3.6 3865.3 3457.4 3C91.2 2938.9 2780.8 2527.1 2320.2 2147.6 2000.5 1871.5 1756.0 4014.4
ENTIALPY (-I -. 49 31.02 58.64 e2.d2 93.C7 104.04 122.d2 139.58 154.68 168.39 180.91 192.39 20.51
X BAR 4.516 4.413 4.320 4.232 4.191 4.143 4.051 3.959 3.870 3.784 3.702 3.626 4.448
N 4.516 4.413 4.320 4.232 4.191 4.143 4.051 3.959 3.870 3.784 3.702 3.626 4.448
CP 1.1534 1.0065 .9154 .9230 .9599 1.0239 1.1858 1.3635 1.5205 1.6311 1.6835 1.6626 1.0548
IMPLL OFT 165.56 226.80 269.20 285.29 301.55 327.52 349.07 367.41 383.29 397.25 409.63 135.14
IPLL VAC 254.63 2F3.74 311.22 322.61 334.58 354.54 371.R2 386.96 400.37 412.33 423.07 249.36
EPIS IL-N 1.054 1.109 2.833 3.779 5.316 10.382 20.862 42.197 89.176 188.005 399.920 1.000

CCOPOSITION SHIFTING (MOL/100 GM)
132.60 .0CC7 .OC02 .cCOl .0000 .COCO .0000 .0000 .0000 .0000 .0000 .00C0 .0000 .0003
-45.47 E.F 1.1758 1.1806 1.1775 1.1578 1.1411 1.1164 1.0565 .9855 .9096 .8330 .7581 .6866 1.1795

-133.84 F.F2 .12b2 .1103 .0S21 .0752 .0678 .0597 .0457 .0339 .0244 .0171 .O117 .0078 .1167
- 210.C0 P-F3 .04C8 .0543 .0759 .1126 .1367 .1694 .2433 .3262 .4116 .4955 .5757 .6512 .0490

114.76 0-H .COCO .0000 .0c00 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
66.00 P8-2 .ccc0 .00o0 .0C00 .0000 .C000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.00 EPH3 .ccc0 .0000 .0O00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

149.30 P2 .0OC0 .OCO .OCoo .0000 .0OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-124.20 E3.Ht.K3 .0CC0 .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

18.86 F .1454 .0684 .0251 .0075 .0041 .0020 .0005 .0001 .0000 .0000 .0000 .0000 .0914
-64.50 F*H 1.4918 1.5591 1.5774 1.5385 1.5011 1.4457 1.3135 1.1599 .9988 .8383 .6832 .5362 1.5406
*8.60 F.N .COCO .0000 .0CO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .OCCO O0o0 O0o0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 F .53S2 .4204 .3C42 .2022 .1635 .1273 .0793 .0498 .0316 .0201 .0126 .0077 .4619
79.20 F-N .C0C4 .0002 .0O0l .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002

.00 1-2 .1953 .2211 .2102 .3406 .3787 .4245 .5146 .6061 .6958 .7818 .8631 .9390 .2096
40.30 P2.N .00CO .Oc00 .0CO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-11.04 3-3N .0CCO .0000 .OCOC .0000 .CO00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 K .CC21 .0007 .CO02 .0000 .C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0010

.00 N2 .7967 .7975 .7s78 .7979 .7979 .7979 .7980 .7980 .7980 .7980 .7980 .7980 .7973
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SYSTEM LICOO IF6M1PELLO N PC 600.PTCOMPOT 06f F PULA TEOITO 8680 FAT ORM Wt. /01
DCE A GM/CC IEC4L/F0MM.8w0.lI

EMOIEI 6MAO8SIOM
C STAN I 20. FT/SEC

EPSILON PC/P P P514 TEMPN T IAF CFCAP l 1 OP ELVA CLVC I SE I AT I l I 'AC CF SEA 'CF A060 A MCAL/L000 G. DEGi Ll OL 1000 10000 MV

6. 6000.000 *005.1 -1 .4 .3.9373 24." 4: ",,

.017.0
T14.09 . 3. 01 m 514.9 M607.0 1.40

3000 A109.1 21 .' 1.119 31SO' 31.:170
6.00 M5.6S4 1.693 169*2.2 -00.4 .01 0TS 110 41*33. 1
100 6 .90.71 451L9. -114.31 .010 299.0 1. 1 3:2 00. 0 1.21

2* 1 7. 0 * -II94 . 04 0 2 0.01 L 4.4:0 C I4 4 3 3 9.6 A.
2079*0. IO.4 .048 0D.A6 .0 1M10 OST,.

1*.0 2T6.4T? 1:1501 1002.1 -119./A .107 02. lOT .11 024.S 1.:3,

Do00 26002 1356.T -111.311 .3041 1 :020. 1 01:.4 1 11499 027.2f .0
20.00 3 I./ .*LOM? -207 34 2.M 10. 1 O0A5070 .

2200 01.0 86 008-.0000 .04 A. 12 . 301.1 331.1 1.740
24.000 117.4161 .6I79 0 .12. 2 - 5.A? .0*0 I 0/0 .3 12.0 1.9 330.::74

I24.000 00.2LA 1.TTI 1017.0 -020.22 .340 626.0 12.0$ 11.0? 040.2 .I A.000 411.0631 .36C 1012.S -120.50 .049 011.0 1.. 14. 30 I.4334. 0.02;
24000 42!.09o 1.2610 &IST.) -124.25 .).a 020.0 II.0 11.1812 334L. .

,T..? 44.4 C."4 00. -120.02 .0*01 00.011 .1: 17.002 011.1 0.TOO
21100: 6.101 10620 44.2 -L21-1 00 0. 11:0 16.212: 342.0 1.700

2:.00 ICO.462 . '191 94. 0 -14 10 104 301.2 1 0.2 1600? 34.0. 1.711,
00.000 5100.6 54 0.0 -2.1 .00300. 101.0 .0.19 0420 0.4

01.000 .560.4s) .W 924.0 - 1240 .00 002.2 00.0 20.21 39.1. 1.7117
02.00 16.0 51 1. 12'.T1 .006 0020 00. 200 03..0 1.711
,00.000 , 41." .66 92 .0 -101 .3'6.2 10. 1:21. 04.6 1.40100 00 02 .06 -02.. -127.47 a75 003.4 10. 22."34 000.0 1.30
04.00? 46.006 .04 502.4 -027.60C .00? 00.0 10.0 1 520.1 0*.1 .7

1000 S 4 I ý . 2400 .00. -126.11 .0309 000.41 10. 2 :, 208 44.3 0.700
60.000 02:1'l1.05 .91 164.:1 -126. "1 004. 1 0.02.000 049.3.0

40.0003 60.2 76 6 1.0 -29.10 .011 001.0 90.4 22 349004. 1.77042.00 664.12 .0* 62.4 -129.76 .0 0 00 31.1 0. 7.1 44.2 .6
0*0.0 9226 .041 606.9 0!:.1,1 30 000. 90: 26.000 !4.1 0M64000 950.07I :.01 0. 105 . 0. . 9.9 4. .604.000 90.0*k 01 042 -7.2 .3 0. 0 .20.90 04.I.6

.50.00 :1040.41 :'. 10 0 0. -151.14 .3)2 068.)9 . 26.9 91 0247 4.0 1.069
03.20 20.44 L.9 000 -36 0 270.16 00. 2. 71 23. 20 .2 30.6 .6 1.970

5~ ~ ~ 4TA a' 4467. P0/SEC 12.

CE '8A/0006 GOmi !066 1'I.' 1!051 10000 10000 9.L99YL. o I .
470 0 C.010 30 0040.69 .!09' 1 ;.'3 :. ' C'W 2 .71

1.000 M ..61 149 0 4000 2.1 .0:1 1311 01. 40 2 23. 21. 296. 240.0 0.3 N0.8
2.00 6.1 35Co 0239. -!1.69.2 3 2043.4 46.0 30.1102 27. 262 260 250 6 4 106

0 .000 20.950 1..11.0 2807.4 -112. '11 200.8' 00.0T 0.94 70 . 3 021.8 3002: .3 . ?4

IIE
17.0 00 194.0*4 2 ý.50 2 0 .9 -10 .0 1 34011 .2 73*. , 6 1 06.403 300. 2: 04. 6: : 1 1. 620

16 0 0 1 4 .006 1 . 1 2 3 40. 0 -1 4 2 0* . 23 4 02 2 02 4. 0 1 0 4. 9 3 . ! 1 : 82
19000 10.0 I 2.0230.2 -007.97 044 4 23. 0 2 22.0 30. 349. 1 .6001
20.00 0 8.2 10 ,9 206. -f.79.7 2 .640.0 2.0 19.120 702.0 0 A .64"2.00 07.1 "I 31 204. -13. 04 : 300.5 2290.600 -9. 3 701 32.0 0.600

23.000 2'19-.424 1 :.'629.4 -196.7*1 3 A 22. 0045,740 0.0

24.00o0 220.014 I.005 2266.7 -192.46 061. 2.0 42037.0 0.64031:
0.000 2-3.2:9 6.!S4 227. -090.1 31.1.649403.9 1.60*

t29.7011 20.2 2.22 2240.1 -141 A5. 210:0 6770 37.3.4
2000 274.000 1.140 2254.? -01*.2S 31.0 2 1.06 .4102.0771.0 1.6721

"20.000 261.0 MIS4 220. -19.0 35. 20.2 0962 3. 30.35.1 1.1.6
00.00 29,00 0 2'07.4 -004916.6 20.0 20S2 070.8 6.663

36000 C* 4 9 .96 2220.6 -4. 04 M0S 20.9 20.20 6:' 60. 168

32.000 31,920 .140 2426.3 -69!0.60 1340.4 20.0 21.00 3 81.6 1.690M

3000 32oO 1292. 65.4 34.4. 20.4: 2C0,900. 363.: 669
04.0000 3464.094 6 2 2 664.0 -0511. 22 646. 2.2 24. 34 6. .0
I7. 000 t70.704 1.79 2670.9 -1017 4. 20.0 12.200 06.1.0
38.06 36 2 . 4S.210. -67.1 0 .1 6 20.0 120.908 04. 64.4 .6.93

09.000 096.4t2 .703g 23146.0 -609.2.8 04.'90 44406. .0

"40.000 410.014: .7020 2023 -9.* 4.6 96 2766 30.4 1.961
42..000 922.404 .65S 260. 1 640 07 0 00. 622 3641.406
aS. 000 453.860 1.260 26913.4 -13659.3 086 1 9.4 21. 694.42 6. 2
20.00 4997 .6 21 3 1 4 . - 1004 04.1 09. 00.63 000.0 1.9240

94000 42 S . 2 213.0 -65.0 09 1 60. 31.4 06.4 1.2

6.0 09.44 I.589 26225.9 -654.00 600.6 09.6 0:.172002 0.2

90.000 022:.0!0 1 074260. -60.3 07. 20.90 33.2 68806.4 6.91:320.00 034.16 54 2114.0 - 170 076. 19.0 63.0 091.302.0"'0 206 14.69 2900.9 -93.07. 940 26.0.6 7. 21.140 21 . 290 310 322.4 0.66 1 T6

33. 0 :24.13 S1 220361.8 1.E-I..D 1 4 1 2 1, , !'0 0,2, "3: :I 6. 0. ,I



PRESSURE PROFILE DATA

SYSTEM L|(UID BIPROPELLANT PC 300. PSIA
COMPONENT TREF FOR'LMLA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC (KCAL/F3RM.,WT.I
19E N2.F4 1.50C -2.0 85.
298 BSH9 0.620 *7.74 15.

eULK CENS ITY = 1.237 GM/CC
-IXTURE RATIO 5.667 LB OXIDIZER I L8 OF FLEL

PRESSURE PROFILE DATA

ChaUPER ENTROPY 265.86 EU/IOOGMS

CI-AFEER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 3CC.0 125.7 52.68 22.06 14.70 9.244 3.873 1.623 .680 .285 .119 .050 164.1
TEMP. DEG K 4461.2 3651.9 2981.9 2.27.3 2202.1 1968.6 1589.4 1276.4 1019.1 808.7 638.0 5C0.6 3883.7
ENTt-ALPY (-) -. 20 30.3C 55.24 75.5R 83.73 92.10 105.47 116.25 124.87 131.74 137.17 141.45 21.60
C) .3750 .* 746 .3694 .3635 .3604 .3567 .3486 .3394 .3306 .3220 .3145 .3079 .3759
IMPLL OFT 162.91 219.62 256.76 27C.22 283.31 303.21 318.29 329.86 338.80 345.71 351.04 137.74
IKPLL VAC 247.47 27C.84 2S2.42 ICC.96 309.5m 322.98 333.41 341.52 347.80 352.67 356.42 244.10
EPSILON I.138 1.!00 2.493 3.226 4.372 7.815 14.379 26.440 48.755 89.972 165.945 1.000

"SHIFTING EXPANSION
POESSLRF, PSIA 3CC.0 125.7 52.06 22.C6 14.70 9.244 - 3.873 1.623 .680 .285 .119 .05C 171.0
TEMP. DEG K 4461.2 406C.4 3687.4 7325.3 3160.5 2981.4 2685.8 2446.6 2252.7 2091.6 1954.5 1834.9 4198.2
ENThALPV (-I -. 20 31.49 59.61 E4.51 95. 10 106.44 125.75 142.88 158.22 172.09 184.72 196.29 20.69
X BAR 4.3E3 4.250 4.150 4.06b 4.0/9 3.98S 3.908 3.824 3.788 3.654 3.573 3.496 4.288
N 4 . 3E3 4.250 4.150 4.066 4.029 3.988 3.908 3.824 3.73d 3.654 3.573 3.496 4.288
CP 1.4383 1.2,86 1.0178 .8918 .8530 .8587 .9743 1.1594 1.3532 1.5328 1.6727 1.7657 1.3503

IMPLL OPT 166.05 228.11 271.46 2P7.94 304.59 331.02 352.81 371.24 387.15 401.09 413.45 134.82
IMPLL VAC 255.89 286.11 314.52 326.18 138.34 358.44 375.14 390.85 404.22 416.14 42o.m6 250.26
FPSILO9 1.059 1.31 2.891 3.854 5.408 10.485 20.928 42.728 88.761 186.848 397.430 1.000

CCMPOSITICT SHIFTING 1MOL100 GM)
[12.60 P .CCC6 .0,02 .OC1 .CoC .COCO .0000 .0000 .00CO .0000 .0000 .00CO .OOO0 .0003
-45.47 6.F .98C3 .'9776 .9732 .9652 .9580 .9448 .9035 .8449 .7764 .7039 .6308 .5592 .9789

-133.84 E.F2 .14q9 .1350 .1165 .0948 .C842 .0727 .0540 .0392 .0280 .0196 .0135 .0092 .1407
-270.00 E8F3 .C58 .0744 .0575 .1272 .1450 .1698 .2298 . 3032 .3829 .4637 .5429 .6188 .0673

114.7b 2-H .CCCO .0OC0 .0coo .0000 .0000 .0000 .0000 .0000 .0000 .Oc0o .00co .0000 .0000
6b.00 6eh2 .00CO .0COO .0co0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .00CO .0000 .0000

1t.00 eP-3 .OCCO .0CO0 .0co0 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
199.30 e2 .CCCO .0C0 .0r00 .0000 .0OO0 .0000 .0000 .0000 .0000 .0000 .0000 .C000 .0000

- 14.20 E6- HkEh .0CCO .0COO .0cco .CO0C .COCO .0000 .0000 .0000 .0000 .0000 .00CO .0000 .0000
18.86 F .30e8 .1926 .0q93 .0378 .0213 .0104 .0025 .0006 .0002 .0000 .OOCO .0000 .2315

-64.50 F*. 1.tilT 1.6054 1.6709 1.6946 1.6060 1.6589 1.5655 1.4353 1.2876 1.1344 .9821 .8347 L.5750
56.6C F.N .CCCu .0CO0 .0coc .0000 .CO0o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .CCCO .0000 .Oc0o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .00co .0000 .0000
52.10 F .4461 .3615 .2F49 .2151 .1841 .1511 .1002 .0654 .0428 .0282 .0186 .0122 .3909
19.20 6-. .CCC4 .0C02 .0O0l .0000 .COCO .0000 .00070 .0000 .0000 .0000 .0000 .0000 .0002

.00 O 2 .C#e3 .0850 .0M06 .1137 .1335 .1635 .2357 .3181 .4033 .4872 .5681 .6451 .0854
40.30 1-2.5 .COCO .0000 .0(0' .00CO .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-11.04 635N .0OCO .0000 .0000 .0000 .000 0 .0030 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.0u K .CO3 .0014 .0005 .0001 .coc .C000 .0000 .0000 .0000 .0000 .0000 .0000 .0019

.00 N2 .8153 .8164 .8169 .8171 .8171 .8172 .8172 .8172 .8172 .8172 .8172 .8172 .8161
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I 9. ".1, 1.5001 , -10 0
209 p 70S..9 0.4 20 1 317.4 95.

0 5744 325.4 P7/I C

ECO K3 K(A/10009 0.9 07 /P" F4L 100 000

7119 1.18

1.10 1Yt 1 -1~P -1/F.7i .19 312.1 2o. 9./SO 3 I..7 329.9

Io~
-10Go.1 124.0 /7.4 /2.501 3. 1.739

I2.000 144.97I/ . ./ /0ICO. 2 1/12. .1 1 2. 9 12M.4 I. /41.1.49 1:1.0q I 7.0,
/3.000~ I3.. 199 9/1. - 11.0 .17 12 1.5 /1 . 1 590 939.4 2

24.00 39. 7/ . 12 7/ 4. -/7 . 33 '1 9. 1 2.'1 .1 '1 14. .3

'4..0 3,01.)10/ M4 /0.46 /.5 4 .1)? 3l.28.9 1il 11.7 431 40. 1..5

.01ý ý :211 14. -924.0/ .12- 131., Fl.? /9.,4/I924 .

'99o 912./ ::.1 .29 31 . 11. 0 I4.4 349.0 .6

140/ 40., .471 11 -/119 .7 33.9 Io1.5 2.4 744.: 191
.0/. 14. -/i1./. .1/9. 33.4 /0:9 2.1,4:4.9 .ll

73.000 //..04 47, 9'¾ -/11. 5 . 11 37.4 1042.1340 794
94,00 Go 7/t .351 ::::I -/ / .7 343 1 0. 2.11:,4 744.6" 1.1.2

1.100 7.270 ;F4 791 V.6 ./ 4. 012.5 44. 1.9
13.01 '.oo*,9. // 7/ 3. 002./ 6. .1

9 9.. 79OG.. 9N2 17/ 35 94.2 /144 30. 177

I)02 74/ 777 oZ/ 749. -/0. .34 3.2 4o.5I 23.092 7. 7.S ll 4. 34 .4 F.98

44.0001 l/F.51 .2 940.9 1 -: 07 .7/ 19. 9.4c 2.F/ 79.9 , 8

190/ -010. 09 /.2 1-0 13/ 4 170711 791979. .

440/ -1.20 .191 9071 - /'.9 .2 .97 90799 7. .
3.I ./ /Ito 1/? /1 -'1.9 .34 -. 30.9 209 2A0.23 294.)1 124.4 741.41 1.391 .4 9

4703/5 .771 2.4/ 04II
1.0.G 1,..11 441. .2 " t " ,,73I

Goo0 1.7 9.1 /92 .1.1 170 3. 1.4 .9 9. 24. 2 1. 24.7 F. 1 so$9
2.00/ 9.171 71. 21114.7. -10.4 .11 7 249. %O.5 1.75 /49 231 23. 4. .9 .

II:20.020~~~1, 1.4. ,.10 150. .V 0 742 3. .6 9.2 71.9 1.9

9?.0/ 111.1/I 0.92 2.11.1 -1-0)/ 321 1 ': 2 *4:.9 5.4 4 1.4 93.7 3.962
7000 94. 7'8 114 7 9.0l -11F.59 M2.4, 34 71734. 3. .*

/ 0. 0 0 0 I I 19 . , 4 : 0 ! 7 2 7 4 7 - * 4 3 / 4. 4 9 8 6 9 13 3 . 4 . . 7

/4.000 /13. 2 .77/11 225'11' 1' /4'I./ 30.9 : 21.4 41.69 4.9 361 .0
29.000 I4.9 .162 7)52.1 -FwO.0I 3*. 4.1o1 5.9 309 .9

j4.000 270187 9.959 /405.96 459 356.9" 4 2 2. /9.94 97. 1.9

I2Ioo000 " 24.12 :.121 2302. 1~ 99 ::1. 99. /1,.712 )84.6 .7

2900 9094 .C49 2752.8 -7017399 2.9 14.9/ 72. 1.8914

G7.00 9504 . 2943 /7.3 63.4' 29.0 21.917. 33.1 .4
72.040 797099o .4 1232. -: 1522 144. 2.4 2200 38..909

I 1
41.000.(I 2259.9. -193.35 797ý.4 :919. 2909 4.0 79

6400 -5./3 .0 2245.5 -75.1 39. I1. 21.5 997I.4. .3
45.000 497.014. t33? 2/40.3 -909.2 372.4 99.4 34.491 979 .
94.000 49P4. 24 .8/911 2234.9 1 9.10 797.0 90.4 31.16 99.9,.3
47.04 23 7 .7 1229.8 -9 1'0./i 779.5 99.2 9190132. 3.339

33.000 524.16 MIA 29. -930.93 994.4 1. 9 33.4 *9. j4
,0.000 I 1 57I.777 .503 2295.2 /7 I.1.5 174.9 99. 34.04a939 3.*3.354 20.9/9 14.t96 7990.5 -45.90 .333 237.9 33.2 2.402 297.9 299.5 327.7 926.2 1.422 1.711



PRESSURE PROFILE DATA
SYSTEY LIlIUID PIPROPELLANT PC 300. PSIA
COMPONENT TREF FORPMLA PENSITY HEAT FYRV wT. 0/0

DEC K GM/CC 1KCAL/FORM.wT.)

148 N2.F' 1.50, -2.: 87.

2qp B4.4-9 0.620 *7.74 1ý.

FULK CENSITY - 1.266 GM/CC
PIXTURE RATIO z 6.692 LB OXIDIZER / LF OF FUEL

PRESSURE PROFILE 0ATA

Cl-bMHER ENTROPY 258.95 FU/100GMS

CNAPSiER THROAT

FROZEN EXPANSION
PRESSURE, PSIA JCC.0 125.7 52.66 22.C6 14.70 9.244 3.873 1.623 .680 .285 .113 .050 162.8
T76p, DFG K 4548.4 372C.7 3C03.2 2470.4 2241.0 2003.1 1617. I 1298.8 1037.2 823.4 64q.9 510.2 3950.5
CF.Ts-ALP I -) .C8 30.13 54.69 7-.70 F2.72 90.95 104.11 114.70 123.1' 129.05 135.30 139.51 21.83
C" .3649 .3610 .3'62 . i4cl .3479 .3443 . 3368 .32e5 .3200 .3118 .3047 .2984 .3620
I"PLL OFT 161.69 217.'06 254.74 268.12 281.17 300.83 315.78 327.26 336.12 342.97 348.27 137.54
IMPLL VAC 245.60 26A.75 2;0.14 2S&.60 307.15 320.43 330.77 138.81 145.05 349.88 353.61 242.27
EPSILON 1.038 1.4v; 2.491 3.223 4.368 7.866 14.365 26.421 4b.739 89.984 166.058 1.000

S"IFTING EXPANSION
PRESSURE, PSIA 3CC.0 125.7 52.66 22.C6 14.70 9.244 3.873 1.623 .680 .285 .119 .050 170.7
TLMP, DEG K 4548.4 4177.6 3851.6 4554.8 3421.4 3273.1 2980.4 2675.8 2415.6 2213.4 2051.6 1916.6 4302.3
E 0I-ALP I -I ,Cb 31.39 59.39 F4.33 4S.39 0C7.14 127.43 145.44 161.36 175.57 188.38 200.06 20.78
X BAR .2 li 4 .C93 3.q79 3.b77 3.813 3.788 3.716 3.657 3.511 3.518 3.443 3.369 4.136
N 4.218 4.C93 3.q79 3.877 3.833 3.788 3.716 3.657 8.591 3.518 3.443 3.369 4.136
C0 1.7,26 1.7603 1.6786 1.4713 1.3318 1.1486 .8178 .7355 .9157 1.1539 1.3763 1.5544 1.7652
IPPLL OPT 165.05 227.15 271.04 287.95 305.18 332.84 355.61 374.58 390.72 404.74 417.10 134.21
IMP1 L VAC 254.62 285.48 315.0l 327.34 340.30 361.61 379.40 394.60 407.95 419.83 430.48 248.83

1vILJ% I.C61 1.650 2.968 3.993 5.658 11.061 21.831 43.860 90.084 188.283 398.653 1.000

CCPPOSITION SHIFTING IMOL/lO) GM)
112.60 F ,CCC4 ,0C02 ,cc. I .O000C coCC .0000 .0000 .0000 .0000 .0000 .00co .0000 .0002
-IS.47 P.F .77e6 .7604 .7402 .7200 .7111 .7019 .6873 .6672 .6256 .5674 .5021 .4349 .7671

- 13.84 e.F2 .16F9 .1573 .1421 .1234 .1137 .1018 .073 .0529 .0350 .0233 .0156 .0103 .1618
-270.00 E.F3 .0811 .1111 .1466 .1855 .2041 .2252 .2644 .3088 .3684 .4382 .5113 .5837 .0998

114.76 E.H cCOcO .Oco0 ,COCO .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
66.0Q P-H2 .0cco .Ooc .Oc00 .000c .COCO .0000 .4)000 .0000 .0000 .0000 .0000 .0000 .0000
18.00 L.H3 ccco .00CO0 .Oco0 .0000 .COC0 .0000 .0000 .0000 .0000 .0000 .00CO .0000 .0000

149.30 e2 .ccco .0coc ,OCCC 0OOCO .COCO .0000 .0000 .0000 .0000 .0000 .00co .0000 .0000
-124.20 P63H.863 .C0CO .0000 .OCO0 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

lo.86 F .5364 .4059 .2?75 .1828 .1395 .0953 .0335 .0069 .0013 .0003 .0001 .0000 .4505
-64.50 FeI 1.44S7 1.5315 1.5340 1.6395 1.6553 1.6691 1.6772 1.6393 1.5437 1.4166 1.2785 1.1390 1.5050
18.60 F.6 .C0CO .0coc .OC00 .000c COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .ccco .0000 .OCO0 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 F .3260 .2589 .2C61 .1650 .149O .1324 .1044 .0773 .0536 .0364 .0246 .0166 .2808
79.20 4-.N .0CC3 .0CO1 .0COl .0000 .0000 .0000 .0000 .0000 .0000 .0000 .Ooco .0000 .0002

.00 F2 .0380 .0308 .0260 .0238 .0239 .0253 .0353 .0677 .1274 .1995 .2745 .3483 .0331
40.30 l-2 N .0CCO .0000 .OC00 .0000 .000 .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-11.04 l-3*N .Oco .0000 .Oc0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 N .0042 0C21 .OClO .0004 .C003 .0002 .0000 .0000 .0000 .0000 .00CO .0000 .0027

.00 62 .8341 .8353 .8359 .8362 .e363 .8363 .8364 .8364 .A364 .8364 .8364 .8364 .8350
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"SOSIO .1..1 6I6PLL3 C 300. PSAC0.D.E3 761 fOPC 06517 "EAT FOR, An. *i@

E1S1L89 ~ ~ ~ DE PCK PNc PSAWA NPLYC P EOCCL AC I EAmIA £Ab 7SC ESE F A1I 7CE: A6 6CL(OG 'o 00 P LV. 300 080.

I.0(0 300.000 4346.4 -. 8 .A
1.000 1.833la 62.77 3950.3 -. A ..6 ..37. 104A.7 .443 232.0 23S.1 4. 24 2. .0 .5

163 I.3C7 16.3A4 2301.41 -0.60 .349 244.1 31.7' M.3 4. 7. .1 296..3 1.,3 3.333
3.000O 211.4t3 10.533 2OAA. -6:6.4 33 7. 27. 2.39 263 0.3 30.6 .7

3.00 3.96 .701342 -43.2 .343 . 24.3 3.234 303.0 310.3 1.409
4:o~.00 317131? 73.4A -3s.44 .3403 232.6 22.2 3.907 3..I336 I.3
7.000 63.973 4.s37 14"6.A- 73 SA 2.4 07 3.4A303 18 1. 43

6.000. 1"9.440 3.I 1407. - 1(4.33 .331 301.3 19.3 3.3L12030.".4
i0s011.7 2.631 1481.. -Ica., 333 30. 17. 6.3 31. ,2. I.A$3

12.00 13.3 67 1304.8 -111.80 .331 311.6 14.2 7.64 31. '328:.0 .9
13.000 102.046 I.8", 134. 131 30 336 1. .3 314.6 329.2 3.704
14.000 118.6(0 1.076 1311.1 14.0 .2 3 13. 3 .2.039 33. I.1
I300 357Do 1.!:1 1276.3 :11s.37 .326 1. 14.7, 9.:476 331:.41

"7.00 2 A.2 1I6 1209-1. 3z.32 319.3 13.9 11.032 33. 3.2
16.000o 2708..73 1.133 13.3 11.0 .323$ 320.3 133.6 :1.13* 333.0 1.73

"19.00 260.1(3 1.071 1171.3 -(16.9 .:2:31.4 1'3.3 1249333.7 1.34

"2100 323.1" .26 1123.3 -120.22 .323 323.312737734. 374
22.0t). 34131 .0 110. -1206-.2 3.1 12.3 (3.343l 336.o 1.741
z23.00 3016.96 .817 103o2. -12.43 .322 324.9 32.3 14.963 337.6.4

400 3 I.6 .77 1!07. -(13 "31 32.6 1. 11333 337.7 1.749
23.000 410.322 .131 1056.6 -(2.3) 32 2 6..96 37 3. 1.732

24.000 432.164 .634 143'.4 (212.33 .32 327.0 1161.7366 3.734
27:000 473.20 .03 ((26.3 -23.43o .30 3127.4 31.3 17:393 339.1 7.757

29.000 306.7(3 .332 1001.7ý -(243.3 .19 328.6 13.1 18.14s 33. I.4
30.000 332.6(6 .,43 A8. (23.7 .36 29.3 13.0 19.430 340.2 3:763
31.000 339.270 .536 3797.0 -125.3 .1 2.6&06201* 4. 1.7.

''33:o.00 1. 04 :.363 334.3 -123.63 .31? 330.7 30.5 21..%4 333.3 3.768

34.000 633.323 .3? 2. (66 74 33. 012.3 4. .7

37.000 723.3116 .439141 -l. :127.17'l .33 33. 0.0 '27 33.3 1.7
38.000 791.271 .3". 303..3 -127.33" 1 3. . 2.2 3. .7

4.00 8(74( .772 887. -22.9 ::4 333.3 9.? 26.312 33.2. I.?7
A1.000 6335.33 .3399 87. 1.2 33 39. . 67*33.5 1.7791
32.000 613.72 ?1 :I.341I 671.3I -228.33 .3k4 334. 3.3 27.368' 343.: 178
43.00 63 81.912 .33. 863.3 -12.69 .313 334.3 3.3 27.96. 343.9 1.6

33.00 92.0*3 .726: 834.0-2.2 3( 346 33 833 .34. 1.783

346.000 936.371 .701 831.7 -(23.37 .7(3 333.4 9.2 29.762 34.3 1.8

37.00 30(.372' .2'93 3.1 (33 .322 : 335.7 31"30.63 343.7q .704
o800 302.29 .9 82.1(36 32 353 903.34. 1.7839.0010 300.331 .283 821.7 -170.00o .7(21 3Do '38:.2 6.9 31.37 343.3 1.768

3.223 20.3(4 14."93 2231.0' _-62.12 .33. 246.1 30.3 2.0'":14246.1 277.3 293.3 296.4~b 1.383 3.347

EPSIL8N PC/P P P5(4 7IT- E470ALOs 0' CALl I 057 06(060C'DtyAC I E ? I AT I VAC CP SEA CP VAC
GIG I SCALfl334P G- 014 I P LII. 100 50000 A.VL

1.0(0 300c.oo (336.3 -. 08 (.733
3.0 177 37.3 30. -07 (73 134.2 314.6 .671 239.0 241. 23. 236.8 3.233 :1.L:164

2.0 639 37133732 E.6 .2 24.8. 33.3 1.166 273.S6.0 2 93.9 263 137 1.371'
3.000 (13.6A0C 21.723 333.3 64.53. 1.36 273.7 43.8 2.033 263.9 293.6 312.90 3913.31 1.49 1.94
3.000o 20.414 14.03* 3422.4 -33.03 1.731 208.0 35.4 246 2993.11 322.6 321.3 3.62314
3.000 27.437 11.#35 3326.0 -(23.09 (.2(3 23.4 36. 3.363 303. 3301', 335.3 1.6

7.00 3.23 . .3 3(60.7 -((3.63 (.033ý:"" 314.7 32.3 4.738 335.3 347.5 10725
6.000 51.614 3.612 3(22'.6 -((7.36 .943 320.3 33.4 S.433 33.4 3. .4

3.000 t0.1(0 .3592 3073. -(34 .90 32. 30. 6.U 343.1 333. 3.763 :

Do00 76.973 3.38232.9 -(27.27 .620 312z.6 26.61 7.390 33.631.34 3.794
12.000 16..31? 3.47 233.2 -(29. 72 333.6 26.3 8.03333. 363.9 3.807
13.000 314.271 3.317 2906.4 -(731.93 336.1 27.3 8.603 333.3 34.1. 3.836'
14.00 3(427 2.2 287.5-(3.4 331.31:1 : 24.3 9.339' 31.9 348. 3.2

36.000 32b4.34 2.772 28(2.3 -(71.32 345.8 2.9(.3 333.3 373.77 3.4
L7.000* 33.65: 2.393 2763. -19.3 3.6 2.3S (3.97' :333.3 373.23.83
38.704 334C.60 2.033 2759.6 -230.39' 349.4 25. (2.2:963 3.17. .4
19.000 036.873 1.312 2733.91 _33.971 333.3 2.(.33394.0 374.0 .6

20.000 36.*4 1 78 2733.3 -(33.l::124 3512.9 23. (3.345 354.2 377.3 367

22.000 364.776 3.104 24722.7 -333.463 333.6 23.7l 14.77979. 1.884'
20.00 3.(0 331 43. -(34.7 397.2 23.3 (3.493 360. 1.69024.000 0.6*.3 472-1.3 38 223.21'1 !(.202 383.6 189
25:000 223.150 (.337 2620.8 -367o3. 301.2 6. .9

2400 23.3 1.286 2403.3 -3.4 407 22.7 17.440 3633 390
27.000 244.6(3 1.2 *30. 303 3438 2. 693o6. .0
28.00 274.333 1:220 23160.4 -1s1.40, 362.6 22.3 19.043 36.3 3.1
29.00 2o 3.31 233. -322 343.6: 221:, .73 363.91 1.91

'30.000 280.2(6 3.073 2330.1 -332.93 344.7 231.9 20.47?336. 391

31.00 232.319 (.027 2337.8 -333.73 343.6 23.1 21.373 36. 3.923::"
32.000O 3(4.026 .367 2324.0 -373.4*6 346.3 142.4 6. .2
33.00 333.933 .330 2333.7 -133.16 361.3 21::1.3 22.4 36. 3.939
33.000 312.771 .953 2303.8 -*73.83 346.3 23.3 23.22 369..3 3.93333.000 339.1166 .863 2393.3 -(64 6. 112.96 390.0 3.936

32.000 38.30 o 62 237143.6' -177.70O 370.3 20.6 23.2039 336o3 693
36.000 314.664 .801 2363.3 -336.28 373.0 20.7 25.833 396.7 393"3.000 386.3 .31 IT 2333.:3 -156.8 371.6 20.4 26.8 392.2 1.9:,

3000 9174 13 33. -393 323 03 27148327 .3

33.000 4C9.124 .7331 23 36.1 -(79.93 312.9 20.3 37. 732 "3932 6.3
42.000 3420.443 .7131 23300: -10.334 373.31 20.2 28.:331 133. 393
43.000 371.660 .193 232,2. -380 .3 374.l120. 2891 393.2 3.9117
.43.000 443.033 .172 23(4.4-613 373.2 20.0 3429.3&9. .333.000o 64.33,12 .:13 2307.4 -339 7. 19. 3.4439. 396
36.000 38.( .63 200.4 -102.37 373.7 39.6 30.397334 .6
37.000 4842.322 .12 233.6 (28 7. 973.9 3..6
38.000 393.4(3 .003 236.0. -(:33.24 374:.8 39. 324239. 1.968
41.00 o 30C.630 .390 2136. -8.66 377.3 39.35 33. 12399. .7

30.000 32.3 .7 234. 3036 7. 943.4 392 3.972
3.9,93 20.413 14.696 3323.3 -33.39 1.332 16.9: 39.3 2.:481 21.9. 299.6 322.6 327.3' 1.029 3.620
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PRESSURE PROFILE 06"A

SYSTEM LICUID PIPROPELLA%T PC 300. PSIA
ClMPONENT TREF FORMLLA nENSITY HEAT FORM wt. 0/0

CEC K GM/CC (KCAL/FORM.WT.)

I18 N2.F4 1.50C -2.0 90.
254 95-H9 0.620 -7.14 IC.

FULK CENSITY 1.314 GM/CC
MIXTURE RATIO 9.000 L8 UXIDIZFR / LB OF FUEL

PRESSURE PROFILE DATA

CFAMBER ENTROPY 247.58 E6J/I10G08

C0-ABLR THROAT

FPOZF FXPANSIVS
PRESSURE, PSIA 3CC.0 125.7 52.66 22.C6 14.70 9.244 3.873 1.623 .680 .285 .119 .050 162.5

TEMP. DEG K '.563.6 3725.8 ?C3'.0 2465.L 2235.3 1996.7 1610.5 1292.7 1032.0 819.2 646.7 507.9 3956.6
ENTHALPY -) .51 29.21 52.63 71.68 79.30 87.13 99.62 109.61 117.72 124.13 129.20 133.19 21.34

CP .3442 .3409 .3!69 .3322 .3296 .3266 .3198 .3123 .3047 .2973 .2908 .2849 .3417
IMPLL OdT 156.04 212.94 248.03 2t1.82 274.52 293.64 308.17 319.33 327.94 334.60 339.76 134.61
IYPLL VAC 239.96 262.47 283.27 291.49 299.80 312.70 322.75 330.56 336.62 341.32 344.95 236.75

EPSILON I.C37 1.497 2.483 3.212 4.351 7.831 14.294 26.286 48.492 89.554 165.340 I.C00

SHIFTING EXPANSION

PRESSURE, PSIA 30C.0 125.7 52.66 22.C6 14.70 9.244 3.873 1.623 .680 .285 .119 .050 171.3
TtMP, D0G K 4563.6 4219.5 3q2t.1 3671.4 3563.1 3446.4 3244.2 3059.2 2886.0 2718.6 2546.2 2342.0 4335.3

ENTHALPY I- .11 30.50 57.43 81.78 92.37 103.92 124.15 142.70 159.76 175.46 189.91 203.10 20.21
X BAR 4.C20 3.889 3.767 3.654 3.6C3 3.548 3.451 3.361 3.279 3.206 3.142 3.095 3.935S4.C20 3.889 3.767 3.654 3.603 3.548 3.451 3.361 3.279 3.206 3.142 3.095 3.935

CP 2.1275 2.3787 2.5735 2.6837 2.70C2 2.6908 2.5935 2.3836 2.0681 1.6451 1.1283 .6120 2.2922

IPPLL 3FT 161.54 222.53 265.9C 282.70 299.94 327.97 351.71 372.21 390.13 405.92 419.82 130.94
IMPLL VAC 249.3f 279.99 3C9.51 321.97 335.19 357.48 376.99 394.19 409.44 422.96 434.75 243.56
EPSIL13 I.C62 1.659 3.006 4.063 5.798 11.548 23.681 49.169 103.096 217.1C3 453.981 1.000

COMPOSITION SHIFTING (MOL/100 GM0
132.60 E .CGCI .0col .0000 .0000 COCO .000 .0000 .0000 co0 o .0000 .0000 .0000 .0001

-45.47 E.F .4632 .4261 .391 .35330 .3366 .3182 .2849 .2533 .2236 .1962 .1726 .1561 .4394

-133.84 2F2 ,17E4 .1631 .1444 .1243 .1150 .1045 .0859 .0690 .0541 .0412 .0298 .0194 .1691
-210.00 8-F3 *14S7 .2022 .2t80 .3142 .3399 .3688 .4207 .4691 .5138 .55,11 .5891 .6160 .1830

114.76 E8- .00CO .000C .0000 .000c .0CO .0000 .0000 .0000 .0000 .0000 .000o .0000 .0coo
b6.00 8eH2 .CCC0 .0coo .0000 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.00 ePH3 .000 .0000 .0000 .000 .0000 .0000 .0000 .0COO .0000 .0000 .0000 .0000 .0000

199.30 82 .0O0O .0000 .0C00 .0CC0 .0000 .C000 .0000 .00CO .0000 .0000 .00cO .0000 .0000
-124-.0 P3.H6.N3 .UoCo .0000 .0COO .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .C000

18.86 F .94t3 .8128 .6E95 .5751 .5246 .4692 .3715 .2815 .1992 .1253 .0619 .0161 .8589
-64.50 F*- 1.2464 1.2892 1.3197 1.3418 1.3501 1.3583 1.3708 1.3807 1.3885 1.3948 1.3997 1.4021 1.2757

58.60 F. .COCO .0CO0 .0000 .0000 .0CO .0000 .0000 .0000 .0000 .0000 .00C0 .0000 .0000
.00 -2 .ccci .0co0 .0000 .0000 .COC0 .0000 .0000 .0000 .co00 .0000 .0000 .0000 .0000

52.10 F .15SS8 .1226 .0559 .0763 .C688 .0615 .0500 .04C9 .0335 .0274 .0222 .0178 .1344
79.20 ý-N .CCC2 .0001 .0000 .0000 .0000 .0000 .0000 .000 .0000 .0000 .0000 .0000 .0001

.00C -2 .00r2 .0C64 .0045 .0033 .0029 .0025 .0019 .0016 .0013 .0012 .0014 .0024 .0072
40.30 #-2.N .00CO .0000 .0COO0 .0000 .0000 .0000 .0000 .0000 .c000 .0000 .00C0 .0000 .0000

-11.04 I-3.N .0CCO .0000 .0C00 .0000 .COC0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 h .C044 .0C24 .0C13 .0007 .CO05 .0004 .0002 .0001 .0001 .0000 .0000 .0000 .0029

.00 h2 .8630 .8640 .8646 .8649 .8650 .8651 .8652 .8652 .8652 .8652 .8652 .8653 .8637
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I

517($6S0 GIGlk ' IPESPLLANI PC 300. .1..C09M4Pe47 JIEP PIKIULA DENSISY MEAT POlK 83. 8/7

0KG K GM/CC IKCAG/PM,¥K.W.0
191 42.PG 1.100 -2.0 90.
256 55*45 0.420 *.7.79 10.

FOZE EXPANSION

EPSILON PC/K P PSIA 1EMP EWIOALPY CP CALl I OPT 0KL/AC ONLYAC I SEA I Ar I AT I VAG CF SEA CF VAC

0KG X ICAL1IOOGN GO DIG /P LO'L 1000 50000 LVL
1.OC0 700.COO 4563.6 -. 51 .3.4

3.3000 4019 2.0192kS * 7 .33 £3. 30.1 |30 +32 2 2. 9 2 3 1023.5 .3 .13,jj0 1!1.3P7 11.30
7 

123
3

.i -1i.3A 1.i 3306 27 1..9 17.7 210.0 28l.2 219.43 I.41.000 21.031 3.74? £517.9 -£00O. .127 271.0 £8.9 5.039 271. 9 £13.1 1.441
1.000 10. 1: : '14 0 0:31 o1 17': 1£7. 6, .310 4. 317.3 1.410

I.000 46.301 .519 17.$ -1.. £1.7 7.44£ 3070. 307.1 1.480

£.0 i 3 0 4 ) g 17?+ -74 )1 2 0 5 .2 0.239 307.3 32£.) 1.7047

1.000 1o.70 1.501 £270.7 -£10.36 .310 39.2 1.3 9044 3 23.4 1.:71
1,030 21.92£ 1. 124019 -C,11 311 310. 1 .12" 3 2.41 1.720

1730 275.4£? 1.2 £012. :,1 1. :3k0 31£...? £3.5 £.79.3:: 323. 1.721

10.000 112.2t6 . 12 147 2£. -ic4.00 .31? £12.6I £3.2 1.44' 3 24.0 k.782
11.000 129.15£ 2.3C3 1442.0 -I£1.49 .316 313.6 12.9 £.203 3 24. 7 1.33
12.000 3.6016 2.567 £1021 -£14.34 .308 304.4 12.? 1.77£1 327. 3 1'734
I1.000 t13.16k 1.921 13'1.7 -£14.97 .30 7 105.2 IS.4 a 3 207.3 9 1.739
22.000 179.97 I.613 £102.9 -£15.54 .307 314.3 £2. 14 :30 326.5 1.712
LS.000 3%9.750 I.S9 8 210.0 -110.11 .34 317.12 11 14.434 329.0 1.7*1
12.000 391.0 1 .744 £047.5 -214.3 .004 3£?.! £1.7 15.22 329.3 1.71.
2.000 913.315 1.S32 £212.4 -£17.16 .303 311.1 £1.5 10.796 330.0 1.75

24.O000 4750.7 5 .190 £034.2 -£17.59 ..305 3192. 01.3 14.34 21 330.4 1.753

27.000 4"'.23 1 .453 £021.7 -116.03 .304 31".. 11.1 14.954 330.9 1.753

20.000 304.418 .419 £1427. -114.34 .304 3214. 1£.9 17.445 331.3 1.757"29.000 5.5. 9 . 15 494L.? -11..97 .1)0 31203 10.3 11.347 3327.9 1.71
30.000 34s.205 .519 962.2 -£1.23 .307 316.4 1£.1 14.003 332.0 0.74'
13.000 303.506 .32 90..2 -119.40 .303 320.9 30.5 19.472 332.4 1.743
24.000 310.415 .766 358.7 -£19.44 .302 322.3 £0.3, 32.7 1.745
13.000 417.15 .464 9Osl07 -£00.26 .302322.5 £0.2 1.00 333.0 Io744
34.000 405.0127 *90 .4 9.0 -100.S4 .302 3.2 £0.1 21.44£ 3330. 1.746

.000 409,3 .J 1021. 20 .0 3 . .94 33.9 1.7
1-.000 44. .1 324.. 10.0 17.6661 339.: L7?72

-111.7 S .303 320.9.4 24.24 334.4 1.774
1..0000 .300 325.1 0.5 24.676 334.4 1.77'

.3 0 . 6 7 S . 5 $ 9 4 2 . 2 - 1 1 2.2 7 . 30 0 3 2 5. 5 9. 4 2 5.3 0 3 3 4 .5 1 .7 7 4

.- £02.5 .ý09 325.5 90.3 24.00 335.1 1.771

-40 0 6 • 1 7 . 6 ) * -1:0.04 £1 2 43.1 90.2 24.724 335.3 1.779

.- 20 .9 9 . 2 5 3 2 4.: 1 0 .1 2 7.3 2 5 3 3 5. 4 1 . 7 1 0

""1 2 3. 2 £ .255 3 2 4 . 7 9 .0 2 7. 91: 3 3 5. 1 .7 63

00 03. 4 2 . 2 41 3 2 7. 0 9 . 0 2 6. 5 0 £ 3 3 4 . 0 1 .7 6213.00. 111.4 .1 9 :11:' i+. .1¢ 2.1 962.2 1 1)3:14 I.7

. . -13.4 .798 323 9.9 21.071 334.2 1.713

-£20 1 . •4 . ?g + i 3 - .64 .296 327.4 5 .8 29.443 734.3 1.371

41,00 14 .4 9 . 37 11.1 -110.$ 0 +q 3, 2., .C a 0 1 ,1:ll33 *1.

-£00 1 9 1¢ ! 3 8 ) 2 4•1 .03 .297 3276* 0*.7 302 03? 3345. 1.*7789

.0 . I -104.22 .297 326. 1 8.4 305 334.7 1.764

364.000 7CO6*4 4 3 4 I• . I. 1 .I4 :,,?60 7.17 939I.

.0 726.6 1 2 -104.4£ .297 326.3 8.4 31.80 334.9 1.717
49 000 7- .?.+ . 18 1 . . .. .- "2.2 Dl• 9. , ". 3 .11 )31..4 L ?

3-79.0 .110 241.6 29.7 2.09 241.1 270.5 766.0 251.5 2.36 5 1.344

m SI341FPTIG K0P493174

C 5366 * 4347.4 57/SEC

EP SILON P C/K P P 114 7437 4N47001P0 CP CAL/ I OPT 0KG/AC 0 KG/AC I SKI I 87 1 AT I 44C CP 314 C$ 04CA . K N C 8 G/ 1 0 0 3 -3 0 KG / P L O G £ 00 0 0 50 0 0 0 2 :G

1.040 700.000 9 .5 4.4 -.: 1 2.177

1.000 e.7.2 171.242 4333.3 -00.21 2.292 £30.9 £12.4 .45) 233.5 234.3 242.4 243.4 1.233 1.16

1 . 0 0 0 7 . 9 76 : 7. 41 1 3 1 14 . 4 - 3 4. 0 7 2 3 5. 3 51 . 0 1 .31 4 2 70 . 4 2 7 4. 4 2 6 6. 4 2 90 . 3 1 . 3 7 1 1 . 4 72

3.000 93.59 22.1£09 3472.1 -71.7£ 241.6 43.4 1.974 280.4 289.2 304.1 305.4 1.54 6

4,000 20.3C9 13443 3465.5 -41.13 261.9 39.5 2*.32 282.7 294.3 314.9 321.6 1.433 1.429
9 000 24.530 :1 .145 3 ,93.7 -49.22 293.1 34.6 3.294 254.0 324.2 329.9 1.472

4.00 7301.47£ 8.34 3435. -£04.96 2.561 301.5 34.5 3.550 329.4 336.4 1.701

7.000 01. 5 £ 7..2 3 3315. 5 -1 09. 49 2. 475 30 6.2 33. 3 4.63 5 333. 6 341.7 1.7 32

1.000 39.449 6. 047 1349.6 -£1.4 2.4 59 313.8 32.3 5.323 33.0 344.1 1.754

5.000 57.334 5.229 3314.7 £17.07 2.44£ 318.5 31.3 5,995 339. 6 349.6 1.773

1 0 . 0 00 .5. 2 4 4 . 3 23$ 9 -74.9 - £2 0 . 0 4 2 . 12 1 3 2 2 .5 3 0 . 4 4* 44 5 3 4 1 . 7 3 3 3 . 1 1 . 7 9 0

1.000 71.198 4.110 3255.4 -£22.71 2.o04 324.1 29.9 7.247 343.3 339.9 1.C.4

12.000 O1077 3).01 3233.4 -£25.10 2.364 325.2 24.3 7.909 3 54.0 3 51.4 1.117

13.000 @9.904 3.737 3213.0 -127.28 2.567 332.1 25.7 8.41£ 344.1 340.8 1."29

14 .00 0 4 9 '6. 2 3.¢3 4 31 .3 - 029.2 4 2 .'4 4 3 34 .7 2 6. 3 9. 314 34 7 .1 3 42.9 1.: 40

1 3.00 0 . '7.9' 4 2 .77 5 317: .1 - £11 .09 2. 930 3 3 71 1 2 7.8 1 0 1 3 34 7 .6 34 14. 1 :.6 5

1 4.00 0 1 1 7.0 34 2. 5 4 2 £ 1 5 6.2 - £ 7 2.7 6 2 . 512 3 3 9 .2 2 7.4 10 .7 0 5 3 416 .4 3 41 . 7 1 .63 0

17.000 124.118 2.776 3142.4 -£79.33 2.444 341.2 2.1. 11.367 395.9 346.3 1.647

16.000 104.741 2.216 3107.9 -£75.82 2.477 343.1 24.7 £2.05' 349.3 349.9 1.575

19.000 144.22£ 2.C60 3114.2 -£77.20 2.459 344.1 24.4 12,713 349.4 371.3 1.606

20.000 1 .3,124 1.459 4101.2 -175.49 2.443 344.5 24.2 13.3:3 345.5 372.4 1.859

21.000 I11.909 1.13 3069.0 -£79.72 2.I24 346.0 2: . 5 131.971 30.1 373.9 1.699

m22.000 170.511 1.139 3077.4 -140.57 2.010 345.5 23.7 14.584 340.2 375.1 1.901

2 3 .0 0 0 1 7 9. 0 40 1 . 47 4 3 0 4 4. 4 - £ 31 . 9 7 2 . 39 9 3 5 0. 8 2 9. 4 1 5 . 1 7 9 13 7 . 2 1 . 90 3

24.003 117.900 *1.55 3054.0 -£43.02 2.379 352.1 29.2 15. 795 377.3 1.9132 0.0 0 0 t %7.1 6 0 1 .51 9 3 0 54.9 - 1 94 .0 2 2 .3. 4 3 53 .3 2 5. 0 14. 4 5£ 3 7 6.3 1 . 516S

24,000 207.840 1.443 3034.4 -344.97 2.349 354.5 24.8 17.190 375.3 1.523
27,000 217.91: 1 .374 302121 -1 4.611 2.339 399.8 24.4 17.569 380.3 1.527

21.000 228.131 1.313 3018.4 -144.74 2.320 334.7 24.4 6.*461 3 61.1 1.932
29.000 238.374 1.259 3010.0 -£97.40 2.304 357.7 21.3 19.209 362.0 1.913

3 0 .0 0 0 2 4 6* 5 K2 1 . 2 0 7 £0 0 1. 1 - £4 1 . 4 1 2 . 2 53 3 5 6. 7 2 4 . 1 1 9. 91 2 3 62 . 1 1 . .0

31 .00 0 2 15 . 9 C6 1. 139 29 54.0 - 1 99 .1 6 2 .2 07 3 2 .9 2 6 .0 20 . 67 4 3 63. 4 1. 544

3 2 . 0 0 0 2 8 5. 1 50 I . 1 1 5 2 583 . 4 - 1 9 3 .4 3 2 . 2 4 4 3 40 .4 2 3 . 6 2 1 .31 1 
3 5 6. 4 1 .64A

3 3 .00 0 21 9. 4 7 0 1 I . 07 4 2 9 79 . 1 - 1 5 0. 4 4 2 . 2 3 3 3 41 . 9 2 3.? 2 2.0 33 3 8 9.1 1 . 9 92

34 .0 40 21 9.7 50 14 03 5 2972 .0 - 1 51 . 35 2 .240 3 42.3 2 3. 3 2 20.7 3 3 81 . 5 1 . 93 4

39.330 300.338 1.000 2949.1 -312.03 2.426 343.1 23.4 23.413 364.5 1.955

34.003 310.306 .447 2951.5 -072.48 2.2153436.5 23.3 29.084 387.1 1.942
37.000 320.570 .934 2952.1 -173.32 2.203 .34.4 23.2 24. 752 367.5 1.944

36.000 370.755 .907 2945.6 -£53.93 2.19£ 345.3 23.0 25.413 386.4 I .54I

89.000 340.529 .660 2931.7 -134.53 2.109 344.1 22.9 24.047 369. 0 3.572

4 0 .0 0 3 0 54 . 85 5 2 93 . 8 - 1 5 .1 2 . 1 4 5 1 34 . ? 2 2 . 6 2 4.7 1 5 36 9. 4 1. 9 7 3

41.00 0 3 t1.1 29 . .31 2 921 .1 - 151.47 2.1 56 36 7.4 22 . ? 2 7.33 4 3 50.1 1.97 8

92 .000 311.152 .1 0 8 2 922.5 -13 I.22 2.145 34 6.1 2 2.I 27.550 3 90.7 1.90 0

3.000 31.118 77 2917.0 -13.73.: 0 2:131 367 22.5811 391.2 1.NO3

96.003 331.025 .747 2191.7 -157.27 2.023 345.3 22.4 29.236 391.7 1.964
49.300 400.502 .145 2406.5 -157.76 2.012 345.9 22.3 29.51: 392.2 1.811

44.000 410.649 .31 290£ .4 -£71.27 2.101 370.5 22.3 30.497 392.7 h.51

4 72 .0 0 0 2 0 . 3 9 3 . 7 1 4 2 5 56 . 4 - 0 1 5 . 97 2 . 0 3 5 3 7 1 .0 2 2 . 2 3 1 .0 17 3 5 . 3 . 9 9 3

41.400 430.0*7 .498 2191.4 -199.22 2.080 371.4 22.1 31?4.1 393.7 1.93

4 5.000 4 3 .451 .482 2 584.8 -I 1 9.46 2.01 0 371 2 .0 32.234 39 .1 1.*6

30.000 4 50.S59 1. 04 2 812.2 -1 40.10 2.040 372.4 2 . 9 32.910 3 94.4 3 4000

4.043 20.414 14.90 6 3343.1 -92.37 2.700 262.7 35.3 2.472 262.7 254.9 317. 9 3220 1.433 1.932

I:00 11. "191-510 18331 2.423."

I
IC o 965-!.42.2S3392. 406:,
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PtO[',U1JK P.0FFIL[ LOSIA
SYS IF P LI.'I .ý 1 PR 10Pk- ' L NI C 10 6, . -S IA Pl i I
0c m O tN I 1 1 1F F 01, P L.A t .L t. S0 II" I. V i- /AI0

t Iý, xFC I KtAL /I>" .KI.I
9 qo 110.6 L, ?l 1 ". (" ' "4..

FIILO lAT (1fI OK C21I I . I, u ILL

L626 K LAN IK p I fd CL
FIIESSORI,~~0 1S 00 11-. OR AI. I5 IC I .1 104.Lm1 ! I J1 L H .t k.0 /K0 LO'1 M Ft, LL

ENII-ALFY 1-I -2,.01. ',.10 ~ p"I 51/I f5', NO. RU5 1'I.?. 0 3,. k Ij/ 0 2 , I,., I., o~L

FRIl I PNS j C 61,6 1
FAESSLRlE, P S I ICU0 jil-. I I S., 6 1. I C 25. I? 14.112 I.3t.~, .0I I .', o 5 . 2", 1 1( 1.
TI fpp, 01. K I I 1', 2423I.,1 2 ,, Ia)6. 1 16.0 116.9.,I . I O I t I".;*, 1IIL, 0 d62l.1 t. 't .' 4. 1 2,41. 1
6619-ALFY "- -2.0.?'. ..I C 4..1 6.. 1. " ,. 1.06 ? ' 1..,0, I0. 1 0- IS.' S. I' I'tAJ.L, 4, .)" ),,. (1,? --1.61

C0 I25 0.3 C 17c .9(; 11..,! 6. 1)11 0. i,-. 5. ?"1 5. I 6.,,ol, 6. 014 9.,441 6.61, II 0.1)4 .?1'7f

1S 0.iL 0P I t. 9c 2 I0./' "ll. 2 IN I., i3.2sf I i,ý. I,, ,, V. I' it IU.?it 1.2 1". , 1,6 .',4 1 I .`
CFPU VIC>4 2S.b11, . 1 1 1 . e'2 I I . t I 1 .062 .03 1. , 0 1?.It Io.f ",' 4 ','0.I,1 4*1,-,,'t 4'2 .(06 1. 4 ;
EPFLO N I FT 16.6 21.,7', 21 t..4 5 1. 1 31. 64' 126.99U /6. 169 sls.. I 5"Il. 7c I2 ",.4", 4(2. 14 IS 1.c

00K0'l IO SH 1 16U . (F 1 /100S I C

PRESS. E, P 12.1 .0030 l;.(' I01..0(' .010 2..0 1 1 .0 0 I 0 I 0 o 30 .2 1, .. , I. "0 I.I...II 00 ', 7,
I6fP. 00 C. tGK -21 ,2 .01 L * 1 . 1Cit.I .0 . Y I it .00 1 .01 100 5 000 11 1',O , 1 . / 1 3Ou 0".4 (",,.4 .00 ,1
1 6.0 6.P - .C2 59 5.0 III .ý, OCL . I3 u ., ? .00 .OICI'. .CO I .0000 , .0003.2I .1 1 16 .1 / -I0

f%9 S IC. .0 o I .CC . 0HI 02/0 r2. .0I J.020f" .003 I I,-0, I00 0.2 or 1.2. .. 10 . - .2 000 1 Y
-P I?.2 .2.-1., e( H9 I .0000oe . 04 It .O C .t- CC 15 2 0 . )CC I .00)o .000 .,o II.II0.00 V .2 H 2" . O2 1o

112.C .VAC 25.C120 301 P.0 2 .C" 1 .0? 1 160 .0,(i/ ( . ?,0 1;. 1) 1 ^4 . 1 2 .2 1. 1 , / I. , 1 .?1,.'le
EPSLCN I-T . .0 C0FCC .12W; 5.C3 6.0900 0.000 3.1, 1 I.0000 ',.01,0 .1 1 4 0 2 . I '.............00,

I!.6C e,2 0. 0 I C.6 C A"( ../0 6.6C0 1 . L1. .1) 1. t,45 1. .G .1 c.1., cct .(L 500 CT0, 6. CCC,',4
1 4.07 t P-F. .c0 z C 00 .2( .00 C00 .c0 .0lý(I ~ l oc~ oo CC r- .000o0 .000 CO. 0 .00 c VC .Ccc

-11j.00c 1-1.5 .0i9 .CL131 .0000 .1(0, ýu0 .000li .0007 .0064 ; .0001 COOuj .00c0l u( I-)0. C00 .1600
1993C0 P2 C0c00 .0000 G000 .0l .0 .0c .00 .00" .00,CC, C .0(I .00 .LO 1 -01, .300. M,0020

5C 2 . 0 1 I00' C.-001/, 7 Cq! I .0002 ."033 .I00 L'00 2 00 W0. )000 C . "01 .20 .0 .61-4
9.0012C F50 .2t, Gc260CcC 0 .26f C109 n269? .210? .21C .2)10, .210?l .ot 9 .1,019 . 3C-1 .20U.'

-60.30 . 6/N V306G 1.0 ,2 C,.C11 06 k)60 (, C.160 0. )()0O n. G0 U .16,0 1.560001 .0.00'GC 0.61 C.,o .10,
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IL

29$c 1."29.. 176 A 5 .0 6 1 1 19. 0 2. 9610. 4 3r .1 .

6:5.C 956 ;. 6.2. KISPO:

5.0 .9 5.5506. .5 .9 550.9 552.7 1.9 260.6 265.9 II~ M.;S 1.0 l~.

1!:0 502:.00 2599.9 2 . 96 ':5.009N' ' :'

9.000o 12.,,;1 53.06l 5950 $.5 90 557.9 29 .7$39.9 527..9 59.0 .. 16.5 4 .6 ..9sý
I50.00 51.356 6.05. 15992.9 626 .927 525.6 25.6 5.652 *21:0 969.?l 96.05,1

55.000 9o0.62 121.55 5909.9 -09.50 .921. 326. 26.9 2.5 529. 6. 9. 5.86
52.0c 0 ;0.112 55.065 51,t.6 -91.s6 .925 52.S62 .6 29.6 5691.9 695.9 5.95

59.000 '0.~ 9.C059. 9.6 95 1. 29:.6 296 695.6 l6965 5.o0
5.00c0 55'0.992 .06 2 51'163.-5.6 .956 592.6 295 2.5:":.'979 .5

59.00 52014 9 2P51..2 -50.0 . 5 SS.0 26. .7 9. 9. 1-.6

56.000 555.565 5.0366 -50.6 .5 5.9s. .5 9.0 565.2 5."52

5900 9562 .5ý6 15555.6 -505.62 VqOA 560.6 25.6 S.956 59. I160_.6

22.000 596. 590 9.1. 555.0 -552.00 .992 566 2. .6 9. 6. .

29.000 2C9.595 4.11' 5552.0 -552 .90 .9 66. 25. 6.5 56.559.9 5.759

07.00 29607 5.99 529. -55.6 .99 592 1.0 25.02.4 595.9 552.9 5..92

29.000 269.690C 5.59 5 ,26.6. -55.1.119260.2999 5. 5.51 5.169
29.000 259.620a 5.596 52655-55596 .M9 995.6 70.6 9.569 56. 7. .900
9 0.000 292.95 5 .62 526. -595 92 69. 20M99 6.0 31. .0
35.000 909..90 5.2519 5260. -595 5 9. 0.:2 6.7559.l592 5.0
52.000 9568.6Cr 5.*165 5255.3 Myo.0 .99 69.6 20.0 6.509 '59.566 590
55'.00 5.99 506 295 506 .- 69 595.2 59.0 .. %91 59. 551'.0 5.95
5.00 1 56.6 2.0 529. -54.5 19 595. 54. 9.06.055. 5.6

5500 56.99 2.92522.6-5. 9 3-7596 5.650.502 555.2 5.919

60.000 .2S.2951 2.592 5502. -116.9 .6 559 09, '.6 6. 55. .95

.5.000 615:.6195 2.2"C90 ; 5556. -5".0 :.95l 564.5 559 .9552 9.. .

6.0.C0 66.2.555 2.092 555. -565 I 95 969. 5.: s .06 565.9 563.0 1., 03

69.000 966.70 5.596 5555.9 -6.69 ..9 6.9 56.5 .19.9 1665.9'0.9 5

9.6 506 5.9 9 65.5s -55 .96 a t 29 5.905 340.5 9269 36. 569.3 5.666 5.566

975556 69656

5.000 5.75I6 15995 296. 6.6 :.2 55. :5.19 .59 22.10 262.9 1 599. 26. ::.111 5:.257
2.000 5.'91. 152.-06 256. -6.6 .02 260.5: 959 .6 26. 27.1 9. 9. .5 .9

!.000 2 650 255 5799.5 -65.0 .9 .29.6 5.5 .90 350. 95.;5652.55965.3

19.0001 28.578 56.595 5622.0 -96.6 .96 15: 299. 59. 5:.07 5596.0 520.9 329.2 555.0 I.'5 .6

-. 000 52.S99 56I9 5850 -755 .6 5.05.6 51.99 9-94.9 990."V:0 66.1 9. .2 .6
9.000 61.1"0 5859 :69 9 -6.5 .905092.:.6699556865 6. .2 .6
0.000 50.009 5%.286 5606.6S -99.09 9I66 2.9 25. 5.59 52.9 569.9 592.9 5.555
;100 59.27 12.613 15956.6 -95.69 .9951 5'25.9 251.6 2.510 955'.5 595. 39. 5.966

16.0C09 505. 566 8.169 5906.9 -506.94 .626 962S2.6 2.56 595. I 56I2:.0 .

59.00 1 55.5 5.66 5616. -509.5 .926 597. 29. 2.6 19. 563.7 5.5550

1,00 559.966 5.569 1569.9 -0.5 .940 5642.9 26.6 5._09 355 99' 665:.9 .6

59.000 590.997 6.695155. -159.2? .358 5062 2..0 1.05 59. 56.5%.52

19.00 5 .2 09 6. 0162 . 15.99 .9 356 6. 9: 25.5 5:.725 1 366. . I0 98 .65. 920.00 552206 950 :65. ;.552.7 .9 565. 2.6 6.26 6. 709 559

25.000 209.25 "A971 5955.6 -556.09 .90, 595.9 22.3 .621 96.5 9560 598

2.000 221.9t9 6.6P09 5966.9 -555.09 .905 4999.7 122.0 .06996. 956 5cO

229.000 259.296 5.660 5920.9O -925.26 .902 99. 252a .9 369.2 979.0 5.906l
550 00 259.597 9.699 5555.5 -52.9 .95 9.5 21.0 6.006 569.9 379.5 5.650

95.000 295.675 9.590 5905.9.52. 5 .;9005 999.8 20.98.5 99.959.6 5.5

52:.500 155.27211 1 5.5 5 266.2 -.523S.9 .699 3909164. 20. 6.5 35.I5. .5

56.000O 557.5251 2.966 52555.5 -526.69 .65520 2. 6.9 977652.5 5.929
59.000 3590.1569 2..96 52569 -54.3 .696 562.5 20.2 5.050 95.1 7. .2
5600 56.5 2.79 1 .. -529.90 .5ý99 869.6 20.9 5.22 5751Sý.5 35. 1.929
35.000 976.395 2."55 5065.9 526S.495 .665.5 99569 953660 5952
95.00C0 999.6'00 2.969 12529.6 .525.05 M59i 566.5 519.5 5.50 5563566 .5
39.000 602.666 2.6635 5269.9 -527.96 .969 569.6 59.9 5.95015669.C.5

5.9002 929.606 2.935 525. -5260 & 9 56. 59.6 P.2 9 1. 39.5 5.962
92.000 662.1966 2.262 52252. ':99 9067. 9959695.56. 5969300 69.91 2.96527. -2969 .890 565. 5628.2 952. 9950 5.969

66.00C 6651.602 2.599* 5222.9 -130.091 .669 9696d 5.5 5.25 5. 9. .
4S.000 655.469 2.955 5256.9 -590.66 .565 56..9 69.09. 6.52 952:.3 359.7 5.06

66.00 696.9 2.922 5255 111 .9.-3.2 .7 6.9 96.55 9.3520 35.6. 5. .9

C500 5566 59650. 5 4553 .5569.9 55.5 9.95 952.6S 3665I 56"
45.00 0 120.366 5.922 1202.5 -Ill.?? .68 570.6 99.6 9.599 67..9. .995

69.000a939.263 5.A"5519 557.7r -592.56 .396 95. 66 9.99 95.996?.9

60.000 S66.035 1.05 53193.2 -532.99 ... 35. 5. 5I.09 972.639.' 9.69.766. 65.066 56.69'6 5650.7 -96.90 .995 923.5 261.6 5.966 929.5 992.3 3629.0 392.3 5.60' 5.754



PRESSUWF P14P-ILE LATA

SYSTFM LI601 BIPROPFLLANT PC ICCC. PSIA PL 0.1 PSIA
L(MPONENT tRLF FO60ULA oFts IY ry ,1 Ft RP Wt. 0/0

LEG. K OM/CC IKLAL/FIIkV.WT.)
298 N2-.,4 1.004 -12.05 S6.
29d 65.H9 0.62C #7.71• 64.

PULK CENSITY = .IPY GO/LL

0IXTLRE WATIY * 1.275 L13 O610IZER / LA VF FUEL

PRFSSU.([ PkCFILF 0A1A

CHAM6Ek ENTkOPY 351.71 FUJ/ 1IOUMS

CI-A-bER fNkC;AT

FNCZFN LXPANSI.CK

PRESSLRE. PSIA 1000 39e.1 158.5 63.10 25.12 14.70 IC.Cr 3.9m1 1.,W) .6b1 .251 .C0 7?1.4
TEMP, DEG K 2801.? 2475.7 217. 1 1924.4 16M9.1 1563.8 1478.0 129U.2 1121.1 911. 138.2 119.5 70V9. 4
EkTHALPY I-I -26.4t 5.98 9! 5.62 59.89 F2.C9 ;3.72 I01. I 1h.5! 113.31 i16.22 150.64 166.91 -b.2o
CP I .CC24 .9e71 .9698 .9520 .9131 .9211 .9161 .A9 1 .R6t1 .8411 .9193 .f914 .9929
IPPUL OPT 167.9S 230.49 276.3C S07.2t $23.32 111.ob 355.16 3 12.E6 5Ff.$7 399,S .e 10.11 112.bS
IMPUL VAC 253.6U 285.63 511.8 3•.921 3)1.42 459.41 516.26 190. 1 4-02.14 61/.,1 L00.32 246.4oa

EPSILCN 1.079 1 . (864 3.242 6. 37S ;.56 h1 2. 9U b z6.52 5. 10 15I. 760 28 1. 1U I7 51. 0 Cf1.00..

SHIFTING FXPANSI(N
PRLESSLRE, PSIA 1000 39 .I I t..5 63.10 25.12 14.70 10.00 1.981 1.65 .631 .2t1 .200 W71.5
TEMP, DEG K 2801.7 255c.3 22A9.1 2u28. I I1hB. 1659.1 IS1.1 1071.7 1200.6 1043.9 908.2 779.6 ?o59.:,
ENT86ALP I-) -26.65 6.30 35.91 62.14 85.30 97.4b 105.61 121.'5 159.I1 W52. 1 166.,9 I 4.HO -6.41
X BAN 6.721 6.662 6.68,$ 6.658 6.636 6.635 h.635 6.63.5 6.615 -. 6S5 6. 6 L o.55 6.6PI
h 10.163 1C.12?, IC.122 10.120 10. 11q 10.118 10.118 10. 1.1 10.t1I 10.11I IC. Il IL.IIH !)0.131
CP 1.9233 1.3512 .0.1O .9gi8 .9509 .9356 .0261 .9026 .H804 Asti .333 1 .80df 1.5411
10PpUL OPT 169.02 2?. 01 2V1.60 311.1I 328.34 139.02 561.22 31 )5.7 39.6.6 401.tS 613.2 131.66
IP1.UL VAC 256.20 2t9. 5i 119.56 366.69 357.12 36S.60 3ei.C7 391.11 10.0 4 2C. ý,? 429.11 24n. 3b
EPSILCN I cvb I.166 1.295 6.491 9.176 13.176 21.19H 56. 315 119.126 2! 1.OjS 529.931 I.OO0

LOPPOSITIIN SHIFITINo (P0/L/lOG .9)
12.6C 8 .CCO2 .0..CO .0 00 .•000 .00n 0o0 . .1ccc .0Oco .0000 .0OC0 .OoGO .0001
I16.76 8.8 .0001 .0CCO .3L00c .0000 .0000 U0000 .0000 .0000 .0000 .0000 .OOCC .0000 .0000
66.OC 0.H2 .C151 .0cGS .0c09 .C001 .C0o 0 .c000 .CO .00cCOCO .0OCc .000 .OOLO .0000 .008Y
18.CC P.H1 .U263 .015e .004U .0006 .0001 .0000 .0000 .0000 .OOO .0000 .0000 .0o0o .0175

199. 3C 02 .COo0 .r000 .000 .0000 .0000 .0000 .00co .OCC .0000 .000c .OOc .0000 .0000
-126.2C e83.6.K3 .OcO0 .eOC .Occo .0000 .co00 .00O0 .OG0 .C0CO .00co .OGO .C000 .0000 .0000

52. IC I- .C659 .009 .0le .0063 .0016 .000f .OCC3 .0000 .0000 .0000 .0000 .004)00 .00l2
79.21 *M* .0000 .0000 .3000 . o00( .0000 .0ooo .0000 .c0000 .0o0 .0000 .0Ou .0000 .000.)

.OC P2 6.5460 6.5129 6.6130 6.6249 6.6281 6.6207 6.621f3 6.6290 6.6291 6.6291 6.6291 6.6290 6.)682
60.3c 82.N .COO0 .Ccc0 .000c .0000 .0000 .00UO .0OVU .00G0 .0003 .0000 .0000 .uoCo .000c

-11.01 83.K .0C03 .0C0G .OC00 .0000 .OOCo .0000 .00c0 .OCco .00CO .COCO .00O0 .0000 .0001
113.00 F. .000 .OOO .0000 .0000 .0000 .00ou .O00O .O0.0 .0000 .0000 .0000 .0000 .OO~u

.OC K2 .C0O? .0195 .OH5 .0066 .0061 .0061 .0061 .0061 .U061 .0061 .0062 .0161 .015..

.0C B/C .0898 .OC72 .0000 .000c .0000 .0000 .000 .0UCG .00,0 .OCO0 .OOCO .0000 .0322
-60.3C 8.8/C 3.350I 3.8556 1.4777 1.4819 3.4H25 9.882S 3.6P26 3.14326 3.4826 1.4826 5.41326 1.6826 1.4239

-132-



II
291 103F0 .0010 .l.09 96.

Ž92~~~ 8219 0620 0.81. 0.

C 5STA . 61100.0 PP/SEC
EPSILON PC/P P PSI' TIPP EWS41LP1 CP CALI I 0OT FELI.C LELVAC I SEA I 1P .0 A 1 W CF0 SE. CF VAC

LEG F FCAL/000 0'. pF /P8 19 000106 S001

I.0C0 6000.000 MT0.0 26.0 Is .005020

.00 6.1 0.90 0 2. -9.9 .89 3 .0 2.80.0F 2. 0 2.1 51106 10.80.12 .9
00.000 00 1.210 00911 99.1061 . -9 1.8 .9 52 1328.0 120.0 0 ..991 32. 1. 3.610. 924 .6 1 . 06

M200 T9.03 15.90k 01990- 29F _ . 9 0302 796. 8 2..1FF 8310 05.: 39. 60.8

010.000 00 .P .1201 08910.2 -0k .0 .9'11 033.0 29.2 2.P91 0,0.0 160.9 0.c02

900 .92.81 e.2010 01080.10 -009.50 .90 0591 ". .6 2 1. 3.00 21. 9SF.1 IF8.2.2

o600 02.000 0.939 01020.0 000.99 .'205 510.10 28 1.2 0210 099i2 . 0 3108. 0 0.o29

:70.20 0103.602 '10.6 01003.9 0. .0 .919 082. 23. 0.902 0S90.1 160. 0.01

0900 00809 .010001.0 .00.8 .90 010.10 29. 001 0 0:91".25 010., 0.109

20.000 000.2010 5.010 OF. -:002.00 .900 080.0 22.0 1.5 0105.7 300.0 0.89
1:1 .20.00 179 .00 010.0 -000.210 .899 035.0 2k.9 10.209 08. 300. 0.10

23.00,0 200.000 1 10.S 51. -009.03 .910 09. 20.10 1.105 009.0 500.0 0.00

2 1 0.0 0 2 2 2. 8 06 708 9 3 0 . - 0 0 6 0 0 . 1 01 0 092u . 8 2 0.02 1S.- 2 0~ 86 9.9 9 0 1 0.0. 0

20 00 1 .29 1. 9 5.W9 ; 0206.0 -008ý.1 9 .10 o0 09 .1 20 0N, 0F 00 0 . .. 1

218.00 2 .0 0.0 0700. -00.8 %.890 09. 20.0 .0 9610.0 500.1 0 .. ,52

52.000 1201::1, 0.00:24 1 09.8 -022I.92 .1009 0100.0 20.0 1:9.80 50.0 581 0 .90

30.000 390.609 2.90 02 06, -02. 9 .0 0 50 . 0 9 6 . 205 0.:510. 2

0 8 0 0 10 2 0 1 0 0 0 . 0 1 0 0 .9 0 , 06 0 2 00.. 0. 05 20 .5 16 5. 9 0.0 2

310.000 1029.2610 .2.00 0056.0 -02.1 0 .99 099 00. 90061: 986.10: 0:.9028

80.00 109.00 2. 2 3b. -pO l 1.012.0.9 8 55 6.0 0.9 8535.0 0 3910.10 0.950
80.000 , " 100.9 2.10 000.2 -02.3 ib9 000.0 0.0.9 :.989 500310.1 23 0.ý101

109.000 898.699 2.0 65 002.50. -02.O .5I 609. 08. 9.10 500.0 30.0:.1"5

86.000 II 10000 2.9F0 1 1006. -029.09 1021 019. 09. 9.53 00.09 8.09.8

0800 10.1069 0.01 01 2.5 -0.00 .900 000.2 08.0 9.509 30. I8. .11

CO . P 95248.612090.2100.SEC

N o i 2d O L" o : 51 3 0 0 0 1 84 LEO /6 10207 00000ý 9 0.L .
0,000 1 000 280 1.0 29.89 dr 09 5102 IT0 99.M 5 i., 19.

3.000 01.0.8 6 9 200. -5.1 .9 1090 1 202. 10. .620 51$6.10 30.2 1010. 009.0 0.0 0.91010;16

.00 3219 2.5 0880 -0.1 .91 50.5 "5.0 0.70 0210.0 629. 6100. 5 :2.0 0.6 10 .09

0:.000 10009 2.9 039 -0.2 .91950912 .0 2. 0 0l. 109 3210. 1 3 2. 311. 08.9 .0 .2

8. 00.9 01.56S200606.8 -99.00 .99 092 2. .00 3 2 502 39. 09 ig 0 .02 60.09
00.00 0.90 1096099.0 -6902 .98 5 10. 28.9 2.05 5001. 0 590(6.9 990.0' .01

':.00 '0 . 1 9.26 9 0993.0 -000. 20 .9 25 5 0. 0 26.0 S 2 . 0 59'1 ý 1 5 2.. 3 .? .10 19.2 1 0. 92 0

0900 0010.308' 12:(3t 09110.2 - 9 .30 .92 5105.10 29.. .66 5.05 305.5 51: 6 0. 26 .29
0000 699:20 0.09 01099;.6 9 -02.0 90 5210.10 28.9 1.1091 0109.2 2P. 0.10

" o610 To090 1001 0 100. -030 .900 5109.2 210.1 5.5010 95. 0. .12

It0 " 00.2 10.009 01693.5 -00.08 .909 690.3 1 210. .0 010.9S,.2 28106029

20.003 023 .80 01099.9 -006.502 .805 592M.10 26.5, 10.0210 90.0 0. 0 0.810

29.00 220169 0.59 '039.2 -026.00 .9091 398.3 22.3 .29.01510 8.2 .09

20.00 2 9.9 1.009 050.93. -023I .58 .9031 060. 2 0. 9.109 35. 6820 0'9
2800 ;10.0 5." 31. 200 .12 620 2.0 9.6W51.0 3V.5 .0

29 IN0 I0 2 C,9 399 -2.0 .90 60. 09 966 0. 500 010

32.000 50060 0.6 0590 -2.0 .06 591 00 1.2 0. 500 091

36'0.000 90. 8 2.063 0520.2 -029.910 .906 560.2 2001 0.96 509. 11 0.922o
29:.000 59.90 ' :2.89 056.1 0 29.05 .109 58. 20. 0.0938. 800 0.2

96.000 3103.623 2.590 01061.9 0295 .890 500 2. .90 559.0 399.0 0.,92

11*00.00 1060 2610 0299.0 I -03.55 .695s 591 202 .6806.0oý: TV . 98.9. 0.,950

3 o00 9 .93 2.9109 520. -3.9 .69 2 35.0 2.0 5.86 50.:00:001091
390060. .600800-9.90 .8920.01 0992 0930. 9. 0.1

60.000 211.29S 3.65002 3528.5 -02.1 215 5 .5 59.9 .5B150 50. .

62.000 16.81002 .29 1 0 2 109. -595 .00 .869 00236.9 09.9 9.992 900.6R I . 99. 5.910

1.0. 0501 29. . 05104 02103 -03.95-, s .1009 30.. 210.10 8.99830.1 39.9S091

106.000 653.0010 2.06 120.0210 -096.99 .8879 066.20 0.0 0.890600 1980 .992
10.0 9 .85 0095103 - 96 9 .866 .59 2 03.0 8.690 ",90. 590.2.91

66.00 920.00 0.20 028.10 -0,99.52 :8.9109 90.1 510.9 0.61908 0. 9, .0

50.01 9 6. 5? 0.09 0 20 0- 0.9" .9610 356. 06.0 : 00.229 50 0.0 9996 99
9.5'6.6 010.691 0699.5 -952.100 .019 310.5 29.0 0.1:2.1 20. 33 .0 51. 29 5. : 0 .62 01

:211. -13 .56 Iff. S.1622.I1 1
I2OO 426' 27 1ag m 5 1. jý2194



PPESSIJ96 PKO|FLE CAIA
SYSTEM L1.611) 1IPROPELLANT PC 1000. PSIA PC 0.1 PSIA

COMPONENT fREF FORMULA 6EVNSITY 1hEA IF611 wI. C/1
CEEL K 0,M/Cc 1KCAL/fOli't.wI *

298 N2*H4 I.0C f Ie2.0 511P.
29e A5.19 0.620 +T.14 42.

0ULK IENSIIY f .19f GP/CC

AIX FOKL RAT 10. 1. .1 LB C$10111Z. / Lt IF FUEL

PRESSUOF PROFILE 06AT

CHAMBEK ENTROPY 356. it EW II;OufS

Cl-AMbER THRO.I

FRO/EN LXPANSI0K
PRESSurE, PiIA COO 39t!. I 15f.5 63.16 25. 12 1. .0 0I.00C 1.9W 1.50l5 .65 .251 .100 ,tO.f
TEMP, DEG K 2799.0 2461.4 21 1U. 1904.6 1667.1 150.V 145%. , 1265.9 109r.2 94 T.2 dll.I o96. I 2t92.
ENT1iALPY (-I -26.95 S. 11 36.56 59.91 H?2.C9 93. t0 101 .ý l IP.19 133.06 14'.f6 I b..1 106.03 -6.53
CP .9946 .9r92 .9612 .94 31 .9245 .9119 .90.63 . 1")I ."Sc 3 .8 .I CI.f . ?PC 1C .9841
IPPUL OPT 166.12 231 . 91 274.P8 307.99 323.97 A36l .. e7 3S.16 3 0. 10 341.h 3499.10 40'.19 153.29
IPPUL VAC 2546.6b 2e6.49 51S.5Y 334.H0 53,1.42 319. I- S t6.'0 VO.3H 401.98 41 1.61 619.17 26(.Sj
EPSILON I. 0 e I.fi/ 1.2?2 6.122 9.695 12. 71 7 6.236 5'4.44 1 13.62e 211.9L5 49d. 31r I.006

SHI F ING EXPANSI (,
POESSLRE, PSIA 1000 396.v I 56.5 03.10 25. I1 14.10 I.CO 3.i'l I .,)F. .631 .251 too00 1)3.s
TEMP. OEG K 2199.0 2503.6 221t..0 1953.6 Ir13.1 I585.5 116e. i 1305. 1 111 1. 980. 1 d46.0 12N.? 2220.4
EKII-ALPY I-) -2t.95 5.91 35.21 61.01 93.68 9 .S4, 103. S I?0. 1 I, 1 .90 14d.96 160.-2 1o9.;1 -6.61
X PAR 6.f97 6.716 6.165 6.161 6.759 6.7159 6. 7°, 6. 159 6.1)9 6.7,9 a. 1%9 6.159 6.783
N 10.095 IC.C 5 IC.Ce9 I0.OH5 10.006 IC.C833 10. C0- IC. OP 3 i0.0 10.0OH1 10.0,3 1 .03 1 -u.091
CP 1.2610 1.0889 1.0066 .9619 .9311 .9199 .41U2 .8 ,O .d6503', .819is . sIS) .M15 1.I141I
IPPLL OPT 169.24 252.55 216.63 310.22 126.61 3'6.9L i5M.%6 376. 39 3?1. 19 401.5 62 4 13. I3 33.O
IMPUL VAC 255.99 208.364 31.91 142. 1 154.92 W62.e9 519.14 6 93.99 405.h3 461.14 624.G4 2681.53
EPSILCN I.C81 1.747 3.248 6.3d0 9.5b 0 12.9U2 20.552 35.115 115. 199 24 1.501 507.004 1.300

COMPOSIT ION SHIFI INO IF'CI./l00 Vt.)
132.6C C .COO1 .0000 .O0O0 .COCO .0000 .0000 .0CCO .0 .00 .000 0C OCC .0 C000 .000.
114.76 ef .CC00 .0C00 .0C00 .0000 .O00 .0 .0000 .OCCL .O0C .00C) ,0 .Ou COLC o00 .00CC
66.OC P*1.2 .C099 .cc13 .001 CCO0 .COLO .O000 .0000 .o000 .0000 .0000 .OLO0000 .0 .0031
18.00 8e1i .0160 .0031 .OU06 .0001 .COCO .0000 .0oo0 .0CUO .OO0 .0000 .UOLO .0000 .0069

199. 3C 82 .CCOO .0000 ,O000 .0000 .000 0 .0000 .OCCO .0GC0 .Ooo .OC00 .000O .C000 .0000
-124.2C e3.66.63 .CO0 .0C0C .0OCC .0000 .OCO .OOU .OCCO .OCCC .000 O. O .Ou .COO .C000

52. IC I- .0656 .CJ21 .0126 .0031 .00C9 .0003 .00(I .OcO .000o .0000 .0U00 .Ouu .0644
19.20 h.N .OOOC .0000 .0000 .0000 .OO0 .0000 .OOO .0000 .0000 .0000 .0000 .0000 .000u

.0CC 6? .5441 6.5SPP 6.6039 6.6093 6.61C9 6.6112 6.6111 6.6114 6.6114 6.6114 6.6114 6.6113 6.5154
40.3C 62. .coo0 .CCCC .0COO .0000 .0000 .0000 .000o .OO0O .COCO .OC0 o .OO0O .COLO .000V
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PRESSURF PROFILE DATA
SYSTEM LIQUID BIPROPELLANT PC 1000. PSIA

COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/8
DEC K GM/CC (KLAL/FORM.WT.I

29H N2014 I .is3 -5.4 40.
298 N2.H4 1.004 12.05 60.

iP'LLK PfN IIY 1. 4lV. 1,M/ L

lI IUR' •AII = .6A.IT1X6(' L l OXI / L1 IF FlIoI

1o- r P ' IL ' f 'T

CHAMPER ENTROPY 116.55 EU/IOOGMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 1000 398.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 551.6
TEMP, DEG K 25614.1 2125.5 1150.4 1430.1 1157.3 1018.5 927.2 135.6 578.7 452.4 352.8 273.2 2271.0
ENTHALPY 1-T-- 202i 5.73 2T.11 144.76 59.06 66.08 707.ý8 77 T8.0o0 9z.13 97.15 1 0076-7 -- 2.-91
CP .6000 .5819 .5606 .5366 .5120 .4985 .4890 .14700 .4558 .4469 .4412 .1s714 .5884
IMPUL OPT 150.23 203.03 237.74 262.62 273.99 281.06 294.93 305.45 313.46 319.54 324.27 122.70
IMPUL VAC 224.34 248.19 269.25 285.70 293.46 298.34 308.00 315.38 321.02 325.33 328.68 219.714
EPSILON 1.058 1.620 2.839 5.224 7.532 9.823 18.655 35.598 6H.118 130.873 250.867 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 1000 398.1 158.5 61.10 25.12 114.70 10.00 3.911 1.585 .631 .251 .100 552.8
TEMP, DEG 1 2564.1 2138.2 1164.0 11412.3 1167.9 1028.2 936.3 743.5 586.1 163.6 384.7 339.1 2284.5
ENTHALPY I-) -20.21 5.80 27.36 45.01 59.49 66.56 71.10 80.37 87.10 93.1s7 98.07 101.92 -2.93
X BAR 6.059 6.052 6.051 6.051 6.051 6.051 6.051 6.050 6.047 6.026 5.931 5.765 6.054
N 6.059 6.052 6.051 6.051 6.051 6.051 6.051 6.050 6.047 6.026 5.931 5.765 6.054
CP Mv639 .5921 ..5620 .53(6 .5150 .Ay995 .'9yp1 .T21 .1651 .5765 .9171 1.5653 .6070
IMPUL OPT 150.44 203.4k 238.32 263.32 2714.75 281.85 295.81 306.40 314.49 320.79 325.96 122.63
IMPUL VAC 224.81 248.81 269.98 286.52 294.33 299.23 308.96 316.40 322.17 326.93 331.15 220.13
EPSILON 1.059 1.623 2.845 5.237 7.552 9.852 18.120 35.769 69.009 138.773 293.987 1.000

COMPOSITION SHIFTING (MOL/100 GM)
52.T0 H .ulsY .0zf6 .uUU5 .0000 .uOOu .uugu .uuu0 .0000 .0000 .uuuu .Uuuu .u0uu o LU uu
19.20 H.N .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-10.00 H.N.0 .0003 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
9.33 H-0 .0028 .0003 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0007

.00 H2 1.9998 2.0040 2.0051 2.0052 2.0052 2.0051 2.0049 2.0040 1.9994 1.9682 1.8254 1.5766 2.0030
40.30 H2.N .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-57.80 .5285 ir.G 7355 1.i385 1.1388 I.1.8 8 1.1388 1.1r3a 1788 l,-".73B- 1.1388 M.inn 1.r5388 I.738f T.T38
-11.04 H3*N .0004 .0003 .0002 .0002 .0002 .0003 .0004 .0010 .0041 .0249 .1201 .2860 .0003
113.00 N .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
21.65 N.O .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
8,06 N-02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 N2 2.3064 2.3067 2.3068 2.3068 2.3068 2.3067 2.3067 2.3064 2.3049 2.2945 2.2469 2.1639 2.3067
19.50 uu2o o.00o0 .oo00 .u0ou .ooo0 .0oo0 .00o0 -O.-OD 0O-- -. Dun . .000 .uuuu .U u-.DU01
59.56 0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
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I
I

000306I 3Iu0 0106P69P6L6AN0 PC 1000. P01* P6 0.S PSIO

:V106064 1 667I P00341.011N K 00 11013 11 *1 P60 1. ,
O0PIPMNEN1 IRE9 FORWJLA DENSITY HEAT Faso WT. aid

0E0 0 001CC 1 00&L7P66.Orln*bT

2960 2.6 1.600 -S.0 40."206 412.0 1.00* 12.05 40.
FOIEZN EXPANSION

C STAR 344"0.2 rT791C
EPSILON PCIP P PSIANliP EMINPLPY CP CiAL P 0; .0*3LVAC D3*VAC I $60 I AT I AT I VIC Cl SEA Cf VAC

060 03 K0ALjIO04 GM 0101 OP LVL 10000 10000 LVL

1000 10.000 100.000 9961.1 -.. ,1 . .9,',000 1. 11 .8 93.0 9..11 .509 12 'L I0.0000 102.6 0 021.3 -304.1 .SS1 219.3.I4.010 251.8 20S*6 2S6.4

6*000 2T.460 36.41 1209.0 -12.31 *524 22 .s * TO 260.6 271.0 231.9 239.2 1 1.. 0

3.000 1 .09 100.2 -01.1' .-1i 261.1 23.6 .14s 271./ .6 283.2 230.T 1 .344 101f
.. 000 .6I.9 20: 4'"11302.7 -61.60 .S0O 271.2 21.6 1.059 210.2 2 03:9 281.0 102.0 1 1 5 1..2
71.000 1 10.S01 3 030.3 -63.0* .016 200. 20.1 13230.* 292.. 1 .1 2
730010 39.Y01315.r719.o "67. .996 70.3 180.1 1.09 210.1 2. 290 1.0 7

10.000 :43.103 0.300 730.0 -73.31 *88 291.5 1.01 1.76*0 101. 3 20.0 133

11.000 21.0194 0.461 10.0* -?7.50 .401 201.7 73.6 3.317 303.0 3060. 31607

30.000 250.439 0.119 7*3.1 -33.3 .0338 230.1 13.3 3.313 129.3 5013. 1.71533.00 3 231.2C0 6.6 13 0 3 0.? - 00.00 .40 0 29 3.6 1 .0 3.109 V9 . 3 1 .2.0 1 .722
14.000 166.491 5.9.3 816.5 - 0509. .409 209.2 14.3 3.33* 302.3 30.0 3.1.2

27Ib.00 10OL 4*0 9 ?os 8.0 -377.5 .*43 703.3 37.0 3.370 3301.1 339 3 I*759-
22.000 021.531 3.300 402.3 -63.03 .020 290.0 13.6 3.01; 1.0 330.3 1.744
18.000 ?11.411 .0106 111.: -629.2 .1471 20.3 13. 6.11 103.4 S33 10 3.746
20.000 3?0.900 3 .506 717.0 -0.6. .. 66 300.2 33. %.316 00.0 330.9 1.756

24.000 303.002 2.903 401.0 -01.73 .42 100..7 0.40 .... 70.7.000 951.001 7.1003 62., -6t.00 .046 000.0 13.7 5.91655991. .624.000 1003.303 2.10 433.3 -00.:0 .060 01.0, 11.0 6.;2200. 3 32.9 3.190
20.000 *60.610 2.062 020.9 -00.02 .060 302.0 30.9 0.396 300.0 313.3 .1.76
30.000 300.06035 .967 437.0 -03.26 .06�9 00 1.0 3 .3 3..0 3011.6 1.776
36.000 k26.402 2.3.1 640.3 -86.63 .. 62 500.7 11.0 4.663 304. 131.0 '. 70

2:.000 ,9.2,901 31:0 602.1 -63.9O ..6. 303.9 30.0 3.02 104.0 14.9 "."707
39.003 32.|3 0 29 0.306 00.0 -84.92 .460 302.. 10.0 5.190 30b* 31* 1.701
30.000 05.4566 1.960 600.0 -00.23 .011 505.0 10.3 4.0.9 04. 3. 1.9 i.0

10.000 3.606 1.090 62.0 -06.6 * .06 303. 30.0 6.372 304.S 14.0 1.792
34.000 S43.A0 a.09 1 -07.1 .06 1 03.0 9.9 0. 1 ?02 303.6 3l.§ 1.?9r
37.000 49.62 3.6 010.0 -61.03 .033 300.0 901 6.019 310.0 2.:9'

3S.000 400.400 1.430 344.7 -07.41 .030 00.2 10.0 6.172 M340. 31.9
90.00 1 601.92S 3.19 S36.5 -40.07 .4050 3.3 9.0 3.003 034.3 31.99"03.000 113.273 1.406 006.7 -06.00 .001 306.0 9.1 1.20, 30.1 1.050.000 603.070 3.230 301.7 -60.42 .405 307.4 9.? 67016 516.0 1.902

0O.000 636.342 3.1932 36.9 -80.6? .100.0 9.2 1.02 311.2 3.90"14.000 0.1 3.330 060.3 -09.00 .032 100.3 9. N.630 1:.4 3:.006.2:000 601.030 0.258 029.0 -6.6 .917030 5. 9.5 7.4 1. I
4|00 836.1b2 1.196 1. 9 *8%*6 .S 0. 9.27.T66& 317.2 1.803

46.000 026.0329 3.10 S32.0 -09.05 .102 500.3 9.1 .137. .b004

66000 9".254• 1:.08 '2. 0.6 .17$00 09876 ;1.8 1806
41&000 012.92* 1.00 021.5 -09.63 .601 100.2 6.0.012 336.0 .@006
4%.000 952.962 1.039 521.9 -89.6S .451 309.0 6.1 0.091 330.2 U.100

09.00 1012.249 .966 032.9 -90.02 .07 1"59.? 1.7 0.78I I16.0 I..10
30.000 10'2.161 .960 309.0 -90.20 .050 309.9 6.4 0.940 1036. 1.011
?.532 44.040 14.696 10130. -46.06 .098 274.0 19.S 0.320 270.0 2?9.9 291.2 293.5 3.037 1.446

S.IFTING EXPANS ION
C 5it• STSIIFTnSr-.

EPSILO6 PKIP P PS01600 1 0p PEN7NAPY £P CALI I OPT 0ELVAC OELVAC I SA I A1 I &I I VAC 9F SEA CF V6C
CAL 0 1656M 006 O g IF LVI 0000 0OO0O LVL

1.000 I000.000 2564.1 20.21 .44A
3.060 3.064 002.706 2241.3 2.00 .607 322.6 91.: .97: 291.0 2.11: 219.6 220.3 3.201 :.230
2.000 9.7Y0 102.000 3642.0 -33.00 .002 230.6 00.0 .370 232.3 234.0 2a..2 2017. 1 .033 3.043
0 .000 IT.30 310 5.792 393.3 r -0.30 .000 296.9 30.0 .30 23. 200I•6.7230.0 270 3~e i,•96 0.090I

0.000 2T.375 36.532 1261.3 -53.62 .S2* 233.3 26.4 .722 269.3 212.3 276.4 219.9 9.327 3.501
3.000 17.062 24.600 3110.6 -36.03 .030 26T.7 23.7 .S00 212.0 274.3 203.9 260.4 3.614 3.616
6.000 09.003 20.491 1110.0 -*2.23 .306 247.6 21.4 1.062 210.0 23.71 207.0 2609.4 0.03 0.462
7.000 .613 34.074 30 1.4 -43.1 .302 212.4 20.3 3.237 204 200.3 290.1 292. .07ISS 1.640
6.000 %4.01 33.30S 1007.6 -67.00 .091 274.0 30.3 3.412 200.9 295.0 290.0 3.470

.000 50.6 0006 90.7 43 .991 219.3 "6.0 , .5 75.09.9"1

10.000 102.220 9.382 931.b -73.34 .%90 202.2 37.3 1.745 294.5 299., 1.96":3.000 3IT.670 0.096 900.9 -12.6 .660 266.4 34.0 9*7 297.1:001.1 3.70?
12.000 330.0817 1. 73 612.6 -17.39 .0o6 240.4 33.9 2.131 2 104. 302.3 3.133
13:0.00 10.S21 6.640 000.2 -70.38 .6I3 260.0 30.3 2.10 299.6 305.8 3.722
14.000 161.40 S.960 620.9 -74.45 .479 290.0 30.9 2.49b 300.4 .0009 3.120
03.00 0 9oT3.l 30 "0. 02090.00 -r3.9 .500 230.0 00I.3 2.606 •103. Vl 031 -3-- 3rq

16.000 202.*6? 4.932 767.0 -16.33 .416 292.0 30.1 2.051 302.0 304 0 739
17.000 220.S36 0.534 769.9 -19.:2 .7T0 290.0 13.? 3.021 302.3 9011. 1 60
36.000 230.3S2 0.19S ?70.3 -?9.61 .673 293.3 30.0 3.300 303.0 1006• 149
10.000 234.060 I.A93 734.% -8005 .5 7236.3 33.7 3.303 303.0 309T2 733
.0.000 271.420 3.605 32s.71 -81.20 .010 297.0 12.0 3.303 303.0 109.80 1.356

22.000 319.997 3.023 100.6 -82.17 .h67 299.? 32.3 3.925 300.3 31,0 1.6
23.000 3*3.018 2.923 409.6 -02.00 .664 299.3 32.0 A.333 30.3 311.6 1.766
20.000 300.000 2.707 019.? -3.030 .461 300.2 31.. 4.403 004. 332 709

2S.000 0 86.312 7.01 660.4 -6A, _3.3T .6 0 303.3.11 .6 9' 0 300.3 31, M 1.77
260.00 409. 301 2.0.0 609.0 -94.32 ..6k 301.6 3k3. 0.63 1005.0 31330 4I?%

20.000 %34.170 2.399 *03.3 -03.30 .414 302.6 33.3 I.036 3 3O.2 303.0 0.179
29.000 011.646 2.090 433.0 -60.02 .463 301.3 10.4 5.7312 303.1 330.2 13.76

30.00 000.331 3.996 *2:.2 -63.69 .. 63 303.0 10.0 0.190 103.0 334.6 3.16o
31.000 023.32 3.10 637.7 -06.2 .643 306.3 10.6 S.Ss6 303.5 313.9 1.760
32.000 S46.159 1.631 430.3 -06.01 .63 304.3 1 130.3 3.20 303.3 331.3 1.7611
33.696 000.62r 0.03 0936Q.9 -80.5 .969 900k.z 30.3 0.560 390.0 000.0 i. r6

34.000 S91.319 1.691 3 97.3 :67:19 .464 305. 1 0.2 6.039 333.9 3191
30.060 631.602 3.429 s39.6 -01.06 .061 3 0.0 70.1 1.193 - 334.2 .1392"34.000 3*37033 3.00 S04.1 -617.14 .460 306.5 10.0 6.10s 330.0 !.79*
17.00 663.071 1.50 M 376.6 -06.00 .01 1 300.9 9.9 052 334.1 1.796
41.000 690.4?2 3.S00 573.3 -106.30 .N40 301.2 9.1 .. 7327 037.9 191

400000 1S0.230 3.142 340.3 -00.19 .464 W01.9 9.0 7.132 3 1 .0 ;.s00
o1.000 T13.0Sk 13.29" 137.1 -. 01 .03*3 A .M .% r.303 391.7 1.001
02.000 603.340 1.210 032.3 -09.23 .065 306.4 9.0 1.499 336.0 1.902
63.000 629.061 3.206 301.4 -09.02 &T43%16.9 30 9.1 .*63 330.2 1.600
44.000 858.0132 1.164 43.0 -9.69.9 .*67 5"0. 9.2 7.812 313.4 1.005

*4.000 91S.445 1.092 330.3 -90.09 .469 309.4 9.0 0.230 6.0 3.001

47.000 900.729 1.009 S00.T -31.29 .071 130.o7 1.9 .417 803.0 1.o04
:0.000 911.920 1.027 324.1 -90.47 .413 010.3 0.9 8.624 319.2 1.009

9.000 1003.217 .97 52*2 -0.56 -. .6 . 11.8 0.00 339. 1.M10
S0.00: 1032.599 .970 0.0 -90.63 .414 330.6 6.1 0.993 319.S I.631
I.002 4i.004 13.496 1020.2 -:A604 .06 214.7141 09.4 3933 214.1 260.6 292.1 290.3 1.558 1.649
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PRESSURE PROFILE DATA
SYSTEM LIQUID BIPROPELLANT PC 1000. PSIA

_..... COMPONENT TREF FORPULA DENSITY HEAT FORW WT 7
DEG K GM/CC IKLAL/FORM.WI.I

298 N2-04 1.43 -5.4 48.
298 N2.H4 1.004 12.05 5?.

6ULK DENSITY = 1.172 GM/CC
MIXTURE RATIO = .923 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY W02.75 EU/ICOGMS

CHAMBER THROAI

FROZEN EXPANSION
PRESSURE, PSIA 1000 394.1 158.5 o3.10 25.12 14.10 10.00 5.9H1 1.58S .631 .251 .100 554.9
TEMP, DEG K 2959.7 2480.1 2068.1 1714.2 1409.4 1252.2 11167.8 925.1 738.4 584.0 1458.5 358.8 26145.1
ENTHALPY (- -16.T73 10.21 32.75 51.49 66.96 74.64 79.62 R9.-- 9T2- 104.68 109.82 113."14 -T.-04
CP .5694 .5554 .5581 .5183 .4951 .4818 .4124 .4498 .4309 .4162 .4005 .4006 .5605
IMPUL OPT 153.11 207.49 243.61 269.83 281.95 289.53 104.56 316.10 324.98 331.81 337.04 124.35
IPPUL VAC 229.10 254.25 276.61 2914.33 02.78 308.12 $i1.H1 321.06 M3.41 33-.29 342.04 224.12
FPSILON 1.C62 1.641 2.909 ',. 42' 1.b884 10.3141 19.911 38.454 14.302 145.519 271.126 1.006

SHIFTING FXPANSION
P,.ESSURE, PsI A Il)o0 o19o.1 I5.1 5 t..10 25.12 14.76 10.t i. 9V I 1.585 .631 .2s1 .100 519.14
TFFPt, tEG K 2959.? 253,.? 2154.4 1775.9 1464.1 1303.1 1196.2 96f.3 774.2 614.0 413.9 375.0 2890.4
FE'IHALPY 1-1 -16.13 1 C. 146 53.46 52.13 6H.64 76.62 81.7? 9?.bl 100.91 107.19 115.18 117.42 .92
X 8A "s.1425 S.399 J.391 S. 90 5.384 5.3119 S.39 39 5.389 5.309 S.3d9 5.3A7 5.365 5.406
N 5.425 5.399 5.391 5.190 5.381 5..39 5.3e9 5. i'9 S.389 ,. 3ti9 5.3H7 5.365 5.406
CP .i314 .6150 .5545 .5216 .499F .4859 .1461 .. S57 -037T - Tr .4156 .s4 .?.iTY
IMPUL OPT 153.81 209.02 2145.4 272.59 284.98 292.15 308.14 320.00 329.14 J16.19 141.63 1I3.94
IMPUL VAC 230.75 256.61 279.49 297.60 306.29 311.77 322.17 331.27 337.83 342.R9 346.86 225.4o
EPSILON 1.066 1.656 2.941 5.494 1.994 10.491 20.251 39.216 75.9"9 141.118 296.148 1.000

COMPOSIII(IN SHIFTING {MIL/Il00 6M)
S2.Iu H .014I .U11U .0029 .00y .UU 0-UU .0000 .0uuu .DU00 .0000 .u00v u UUUU .Uuuu .U;2T
19.20 H.N .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-10.00 H.Nea .0018 .0004 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0006
9.33 H.0 .0251 .0056 .0007 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .010'

.00 H2 1.1554 1.1551 1.IS74 1.1583 1.1585 1.1585 1.158S 1.1S84 1.1583 1.1578 1.1543 1.1214 1.15144
40.30 H2-4 .0000 .0000 .0000 .0000 .0000 .O00O .0000 .r000 .0000 .0000 .0000 .0000 .0000

-07.8H - 2.051 2.0,99 2.0858 2.0865 2.01386 2.0866 /.0H66 2.Ut .U6 2.13156 /.U?186 2 b.l09 Z.179-
-11.04 H3.N .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0001 .0001 .0005 .0028 .0245 .0001
113.0U N .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
21.65 N.') .0033 .0005 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0011
8.06 N-02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 N2 2.1416 2.1437 2.14141 2.1442 2.1442 2.1442 2.1442 2.1442 2.1441 2.14140 2.1428 2.1320 2.1432
19.5f( N2-0 ,u000 .00oO ,0000 o0U00 .000U .0uu0 .uuuu .uUuD .OU00 .U00U .uuuU .UUUU .uUO3
59.56 0 .0005 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

.00 02 .00014 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .001
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SYS5EM LIQUID SIFS9FSS.1851 MC 5000. PITA

C95F665 15StTEE-FOML 0000 :61ETIY HEA41 FORM W61 W. S/S

295 _29 I.3 -. 6 6
296 %22'5 1.'00" 12.0s 52.

FROZEN EFPA9SIO6,

EPSILON Ft/p P51 TEP 661845.F CF CILl S.D 951S DELC I SEA I A# I AT I SAC CF Sf8 CF VAt
0EC K 6C455500S 0 EGM /F LAI 160S 600080 LVt

'1000 1.0,2 506.9o 45..5.. -1.00.45 52. S 0 "t 9.81 .160 221.0 Y22.1 223.0 220.5 1.223.20
2.00 9.5 505.140 5928.5 -00.21 .53 2232 39.0 .311 252.S 259.2 242.0 243.1 1..13 1.04

0.00 4.2? 9. 50155.1-0995 .50 28.5261 136 21%.6 278.6 265.1I 2S.4. I.11S15
S.000 3S.619 2T.918 1445. -4.15 09269 00.0 71.0 0030: 290. 292. 1. 1.2

1553 -79.03 ..90 't709 &2 6
12.000 12.9 S9.4 19.9 -92.514 2..1 29. 11.09122 8. 2I4 10:.1 310.0: -129

13000 530.570 71.l9S 1065.? -09.0 :.04"1 290.1 4. 20. .43906 106.0 1. .1

"112.1: 310.9 1.1,10

250050. 707 2'018 654.6 -;9.3 .3 % 300111.9 13. A .4 :1.1 373. so.9
2.00 2O .49 1105.2 -990 02394 2007330.69 322. 21.11.11193I ~

29.000 033.672 2.90 950. -9.9 .3 11. 52. So31.7 3171.0 4.0
10.003 44.659 2.599 0040.3 -05.21 .46,0 129.5 15:2.15.9 310.0 320.2 5.60%3

15.000 1675.40 25502 705.9 -0563.01 1. 19547 1. 7. 1.753

35000233 0 55.5 5.054. 9.5.1 101.0 .37.0414 11 5.7:6 124. .31
3400 9095 .15 5.0 -47.5s .. ,1 312.5 55. 051 315.2 320.3 I.1
5700 4I.6 5.6410.0-9769.037 355.5 k1. 6.0 317.4 .3

3900 6S25.623 5.603 505.5 -05.99 .035 955.9 55.02.6 3.975 2.734.9 5.610
99.:00 OSSI -" T37t,~l7W71 156 1:~ - -urs
00.000 4490.526 5.694 529. -96.:4 .004.7 506.0 I 1 92. 5.022
45.000* 030:.205 1.:922.0 -9.0196 .023 357.5 13.7 %.01 T313. 27.1 1.704

09.000 7IT36 a .0 750(TS".0 -99.10.20 107.2 30.5 7.7901 3170. To

"06000. "20,.407 5.259 09. Vt 0.OS .024 356.6 508 .2 % 6.549 0729.0 7"690

05.000 004.502 5.505 400.5 -10..29 .402 3109. 12.1 .54 329.2 5.0
09.000 972.719 5.506 1S. -50510%394 5. .52. .3t9.00 0922 512 670. -500.1 .0 5.4 9. IT 9 17. 1.011
0000 925.955 5.060 6795.5 -500.635 .025 359.9' 91.9 913 329. 5.030
1ý.68 40..065.69 5252.2:R -910.0.042 202. 20.6 5.15S20.0 0. 300.0 102S.0 0481.680

S59.000 500.00 2959.7 567 .39t
56.00 5.16 50" 2 2600.6 -1.12 .61 53S.9 505.5 6.S0 22. 200 s 22. 32 20 1.2

2000 6219.262 5.0799 2005.0 -00.93 .500 22.1 0.159 5.5.9 9 24.4245. 9.3 .4

.C.0 00 /576 3965 5050.9 -650 .51ý1 240. 29. .:7221.20.26929. 59559
5.00 631.2'40 29 ;:"0 5501.0 -44.53l .50479. 3 74.1 .9020. 05021. 9.2151 .2

4.2000 5382202507.9 -1.0 .094 7. 01505230 26. 291.9 3299.0 1.465.5

.00 66.4 50.66 535. -7.9 .04 205.10.25. IT.5 29.330 306.3 5.469
910 *0 161.82 1:0U7E 501 .:, 9.92 .012 519.5 No0.5 1.69,1 29.2969 0.5 1. 027"50.000 95.002 750.6975250. -00.00 .0529.0 59B. ;0: 5.3655 222377 1. 1
1C.000 50.96. 3.50957. 02.6 .5 290.0 30.7 3.99&09. 327.7 ;.716

2. 00. 525.270 920 550411.1.8 -0.5 .12425.0 t.435. 310. 503
5900 9409 000 5551.51 A 0.6 . 202 5. .10 01.4 no. i4s500 55. 30 64119. 0. 7 .06 900. 54.9 224 35. 310 11155.000 707r. 9. 1452.0 -6k.'6 .6 9658.0 20.8 z.ss 959. so 9561.5" 5.56

5600 5.029 100.65000259.5 -90.61 .0? 305? 5.3.9 1. 2. .1
59.000. 230.90 1.3019 1 94.9 -35.0 .03 104.9 70.0.: 3.000 : 22 113. 3123.'1 1:'1 3.77!0

IS0U7E00 1.0 955. 929 2 59. 26595.656 256. 0 269.9 5.521

22000 203.504 9A.5705. -95.59 .055 l 0 .0 5.2 4 2.053 017.621: 326.0 5.111;44
21.00 90.3 5.0 1270.025 .0 5 0. 31.9 0209 137.6 123 . 1.0
2500 o.loo 27.92 4 92.0 -95.0 1.0:47 32.3 2 13.50.91 11. 266 7.9 179".7 - .& 1.7665

24.0000 S 34524S 27.15690 O.2 -9.07 .4 `3. 532 61928. 0. 350.5* 0324 .2 & S.6T9
2.0 13 2.6 9 59.0 9?6.63 .4666 28,.5 21. 1, I 7 96. 2 3. 26.5 1.669

3160 944 .507 9391.05 -90.50 .000 334.5 20 1.3 -- 337IL "1 7 T :
52.300 060.559 204 030.3. - 9.5 .4139 356.1 5.2 5. 5036.0 2 165 0 S i.32 . 5.053

55.000 00.601 .0 33 959 -99.43ll.037 118.2 33. 4. 5311 0 11-1. 1 .1 1.07160
51.0059.27 .74 999 30.2 .30 33. 31.5 4.743 313.0 1.9741

A9.000 'A4'5 :.59 .44 9 53 0.99 ..6 i6 5 .so;:, 5.459 635

10.000 009S.75 5.500 7A49.0 -505.20 .033 320.9 5. 7.M4S 15.5 2. 5.92

02.0 0 61 .5552 1 .030 1 54.5 6 -50 .1 . 032 32 .@1 55.0 7.0532 315 . 321.0 5.703

0900 72.2 5.6 15. -323 .01 323.0 13. 79: 1317.1 1.577
26.300 7r04.0 4.030991 700.5 -502.21? .095 321.9 1150.69032 302.5 5.833

24.000 194.5%7 5.2i55~ 12. -502.14 .629 322.0 50.240.0132';* 333.0 5.634

236.000 67.6349 5.500 125.9 -59.:22 .%92 32310 5. 6.:9251'M 33. 5.6391
149.00 17.291 3:.505 754.? -5:.1 .01.4 31.5 3 .1 9.050 ~ 32S

50.000 9961.601 5.3 .155.7 -503.06.1 ? 323.4o 50.2 9.005 333. 9 5.66

7.9900 86.1004 56.696 5303.5 -16.82?, 4o06 21.76 23:0 s:.os1 9. 0. 3041.1 328 31 1=809
,.:Oo . :4-31r"542w~
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PRESSURE PROFILE DATA

SYSTEM LICUID MPPOPELLANT PC 1000. PSIA
C,IMPOFNT TRFF FORMULA nENNITY HEAT FORM WT. 0/0

DFO K GM/CC IKCAL/FORM.wT.)
2?9 .2.04 1.43 -5.4 52.

29d N52H4 1.004 -12.05 48.

PULK CENSITY = 1.188 GM/CC
MIXTURE RATIO 1.043 LH OXIDIZrR / LB OF FUEL

PRESSURE PROFILE DATA

C00AMbE ENTROPY 294.97 EU/IOOG/MS

CHAF*ER THROAT

FROZEN ERPANSIOC.
PRESSURE, PSIA 10CO 39H.1 15d.5 68.10 25.12 14.70 10.0 3.981 1.585 .631 .251 .100 556.6

TtM1 , 0[U K 3123.1 2615.0 2208.8 1440.9 1523.5 1359.3 1249.8 1015.2 d16.0 649.4 512.6 402.2 2806.6

P4THALPY I-) -15.CO 12.00 34.67 53.68 69.38 77.25 82.36 ?2.96 101.53 108.38 113.81 118.08 2.71
CP *3518 5 191 .5240 .5059 .4853 .4724 .4625 .4403 .4199 .4032 .3910 .3834 .5438

IMPLL OPT 153.25 231.87 2Z4.)5 ?2O.934 23.28 291.03 306.4 7 318.3 327.62 334.75 340.?6 124.10
IMPUL VAC 229.46 254.97 277.74 295.86 304.55 310.07 321.15 329.75 336.41 341.54 345.50 224.34
FPSILO 1.063 1.650 2.q19 5.509 8.036 10.569 20.479 39.798 77.320 150.031 290.924 1.000

SHIFTING EXPANSION

PRESSURE, PSIA lOCC 398.1 15 P. 68.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 565.7
TEMP, DEG K 3129.7 2735.4 234C.5 1969.2 1639.8 1467.5 1852.8 1105.t 894.3 716.0 568.0 447.7 2886.6
EiTHALPY I-) -15.C0 12.40 35.95 55.89 72.56 80.9p 86.88 97.73 106.96 114.39 120.31 125.00 2.41

K BAR 5.127 5.083 5.C64 5.059 5.058 5.056 5.058 5.058 5.058 5.05b 5.058 5.057 5.096

N 5.127 5.0P3 5.C64 5.059 5.058 5.058 5.058 5.058 5.05d 5.058 5.058 5.057 5.096
CP .8586 .6768 5f74 . 5193 .4934 .4801 .4706 .44788 4261 .4074 °3936 .3892 .7394
IMPUL OPT 154.39 210.53 248.33 275.99 288.87 296.T7 513.18 325.78 835.51 343.10 348.99 123.06

IMPUL VAC 232.24 259.20 283.01 301.37 311.09 316.69 328.6C 337.78 344.84 350.34 354.60 226.41

EPSILO'4 1.071 1.t6l 3.0039 5.661 8.276 10.905 21.231 41.4r2 80.968 157.768 307.006 1.000

COMPOSITION SHIFTING MOL/100 GM)
,2.10 9 .0551 .0240 .OC70 .0012 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0343

19.20 h N OOCO .0000 .0coo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-10.00 9.0. .0036 .0012 .0C03 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0019

9.33 mP. .06C3 .0200 .0C38 .0004 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0324
.0O H2 .7567 .7877 .7340 .7346 .7350 .7350 .7350 .7350 .7350 .7349 .7347 .7326 .7430

40.30 H2-N .00CO .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-,7.8(- H2.0 2.1772 2.2351 2.2560 2.2601 2.2605 2.2605 2.2605 2.2605 2.2605 2.2605 2.2605 2.2605 2.2182
-iL.04 H3.N .0001 .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0002 .0016 .0000
113.00 N .OOCO .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
21.65 5-. .01C9 .0027 .OCOi .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0050

d.06 N*02 .00co .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 N2 2.0556 2.0609 2.0626 2.0628 2.0629 2.0629 2.0629 2.0629 2.0629 2.0628 2.0628 2.0621 2.0594

19.50 %2-0 .OOCO .0000 .Oc00 .0000 .OOo .0UO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000
19.56 0 .0026 .0004 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0009

.00 C2 .0030 .0005 .0OO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0011
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Ic

EotK GM/CC IKCAI./TGEM.8T.2

FETUSk EATANSION
C Sri. *9 974. FT/SEC

4/5409 ../ . .. ..... TOO F9YAY CF C L;. D ,T E LOA OLC I SEA ' T IA I '.C CF E CT 'AC
DEG ACA.1OOG j.M -E IF LVI!.. I000 N00 LSE.

OI 1.00 00.C00 )12..1 15 .0 .55
.000 2.797 155.S92 ZM06.6 -2.71' .S.4 224. 10. .10l 21.7 202. ?74.0 Z24.1 3.231 21.246
2.00 0 .325 107.101 2041.2 -. 2.01 s.92 2.3 80. .377 258.1 259. 283.0 243.46 :.0323 1:.&.
'. 000 14.T 41.01 O 1829.3 -54.2i .50% 24S.4 33.0 .541 270.S 2T2.9 27. 276. a0 1564
4.000 29.T2 3:.8a47. -02.8 " 49 259. 29. ,1 1.737 27 .19:2 284.1 287.3 k.535 1. 99

.000 35.13 I ...99 1548.3 -4.2:0 ..09 74.14 24.0 ?922 20.0 24. 291.9 293.4 2.95s 2.629

6.000 9108 22.2' 245'9.811 -71.2 .4 2 273. 24. .8 2820248243 29. .4 144

5.000 6 M.&$I 29.786 1331. 1-7.24 973 283:.2 22.9, 1:.442 253.3 219.7 302.0 304.5 2.973 2.690
9.00 7.92 .92 2 299. -7.4 .I 4 286. 20. .2 290.2 309.2 106.9 3.704

10.0000 92.63S 20.795 2271.3 -52.37 .465 289.5 29.9 I..0'3 200.9 309.9 3ý09.0 .71

2200 CS.878 0.4 295 -83.07 :.461 202.2 26.7.96 30. 32. r.2

2.00 3.52 7 111222.2 -89.93 .45. 263 75 2.39': 309.: 239 2.4
24.00 3.520 6:8 253 -72 45 298.2 27.0 2.949 320.8 930.2 2.750

240000 230.335 9.549 2095.2 -39.28 -46 312 6.294324379 2742
27. 00011 C 294.212 10.090 207. -9.2 .6 302:.9 29.:309 313.0 328.3 2.767

29.07 22.73 r.9 2099 9.5 493 304. 25:.2 3.442 3242 3 020.0 .77

22.00 0 240.543 1.03" 2007.0 -93.32 .- 0 3071.0 24. 379 32. 322.5 2.76
22. 000 279.80 36920 -33.4 .431 30.9 24.3 3.052 325.4* 322.2 .7
23.00 27.6 0.342 :377.9 -94.6 .37 308..8 24.0 4.274 329.7 322. 9

24000 31052 3.5 344. -9.2 .35 30. 23. 4.72.0 323.4 2.796
25.00 0 )35.7.1 2.976 392.5 :0.4,4430. 34 1.4 324.2 324. 279

"27000 37.2 21:4l 023.2 -4.7 -3 31. 23249'2. 325.0 2.80
'6.00 3483 252972 -72 .403293.0 5.2341 326.7 329.5 2.907
29. 000 42.7 0. 9 .48 .429 323.2 22.08 5.32332.399 280
30.000 97.K .209 "60.5 -0.2 .12T 929.7 22.7 9.504 327. 326.6 1.81
32. 000 459.2(21 2.297#11 93. -9.5 1.42 328 11.3 '22.5 5.492 32.:3496.

32000 575.24 1.0 87.to.2 .463482.4562372 2. .2
33..000 Z"5."2 2.02 34. -49.30 ..29 325.3 22.2 6.0471 32. 327.9 3.82
34.000 525I.555 2.940 all. 1 96 - .4251 329.82.2 61.2 327.3 3 27. 2.822,"2. 00 0 S35.4*2 1,.54 5.9 -2(.0 _ .4l24 326.3 22.9 ".9 327.4 326.3 2.523
96..000 959.47 2.0064.9 -200.39 :.23 329.6112.8 6.560 327.4 364 .2

,8000 S45-41 2.670 52. 20.9 .42377 2.6684392 2.125

40. 000 42.20 2 17 2.4 -2(2.59 .420 326.5 22.3 I.20"2. .3

49000 754.32 2.2677. 2.129 .4.7 32. 235.73. 1::31
46.0 073.749 2.9477.0 -I23.24 .426 320. 2:0. ':41324 .4

47.00 1543.472.24 10 2.4 -233149309 2. 5 3. .4

48.000 0D9.272 23 1.207 745.9 -203.62 .425 32.2 20.4' 5.75T :3.8 :.4149..00 0 655.20 2.172 760.5 -:C1(35 :414 322.5 20. 54 320 2.44
50.00 373334 .238759. -2(.0 .42 322.6 20.4 9.23M3. .4

8.036 3.04 2839 2393 -72 42923.3 221.3 2.447 263.3 289.7 302.210. .7 .9

..0 ~ ~~~~~ 471 11. ??I 482 10.' 7977.2 .S9C

405219970/. ~ ~ ~ ~ ~ ~ 11 F.1 24j 738 E97(YCTC1 370L TIVA E 7 2A 6 T54C A

DIG 8C82/002 .M D3EG O LVI. 2000 5000 ~
2.4 (0003229.7 25.00 .95

2000 2:l.78 969.748 26340.6.. -2.42 .739 223.2 203.3 .283 223.7 229.9 226.1:, 226.4 1.239 T1.22
2.000. 9.92@ 222.003 2227.0 -82.54 .924. 25 .38 24. 26. 26.7 I6. .3 .4
3000 25174.6 2070. -75. 0 1.52 48.2 34, :.94 276.6. 277.3 252.0 252.9 2.909 1 .59
4.000 24.790 ý40.10 262.4l -93.92 . 10 26. 0.2 2.74 18.3 259.4 293.0 702.93 2.540 1.400
S. 000 33.923 29.493 249.3 -694, .9 272.3 27.4 .928 215.0 28. 2972 98.7s 2.90 163
6. 000 4.3291 23.C94 2622.9 -73.92 .62 7.25.3 2." 9 297. 29. 30. 303.5 2.7 1.66
7. 000 53923 2.2 24.2 -7713 .18 ~ 283. 23. ý2.28 288.4 299.2 305.1 307.2 2.579 2.682

3.000 44.900 9.39 243. -8.2 2 26.S 252.6 3. 295.03 307.8 310.3~ 2.563 2699
9000 16.4(3 I23.09* 2432.9 -32.63 _677 2 92.4 22.5 1.644 294.0 30. 31. ,.7I3

20.00 59.754 212.14 233. -3.217 9452. .2 294.4 322.0 329.1 .22.00 2(.3 :.87 1393 5 .56 1*0 29.2: 29.9l 2.2 320. 327. 2.3.
22.00 24595 3.2132.9 5.4 .8 0. 6 29. 29 325.0 3115.84

2300 925.34 7.4 2236.06 45327 25. 2.359 324.22.3 1.7.53

24.000 142.6.2 7.C22 1295.4 -00.92 .462 303.4 29.2 2.579 327.2 322.1 .6

27000 237.03 59.)6 2233.4 -94.22 .499 308.2 24.5 3.240 320.7 329. .7
8. 000 202.259 9.97 24.2 -9.2 .4151 30. 2693.2 20.3 326.0 .8
29000 227.370 4.602241 -46.00 .492 30. 26. 3.9 320.9 326.8. 1.759

20. 004 232.923 4.70,121 222. -943 .45 3oIIq12. 2.8 3.472 322.4 327.7 t.735
21.00 8.8 9.0 :10.4 -97.96 .448 322.9 25.5 3.840 322.9 329.4 2.7911
22000 244.449 3 18 093.5 -61.271 473302. .2 7. 2. .0

23000 272.043 3:549 2073.9 -9.1:94 4 381 1 5.0 422 3 22. 39. 50
24000 2999 3)3106.5999 44 2.7 24.7 ..421 322.9 330.4 1.609

29.000 328.150 3.143 2008 20.2 42369 1. .2 373233:1.0 2.62
26000 334.592 2.9712T 103. -0.3 :.16 327.3l 24.3l 8:432.326 252
"27.00 g299.299 2.824 2025.7 -222 .40 328.0 2925.0)23.6 3. 1

25.00 374.07 2:ý.47 20281".0 -10.70 .49 329513.9 9.003 323.8 3. 1.821
29.00 303.049 2.4 202. -222 437 i 3 19. 3.7 50595 323. 33. .2
30.000 422.139 2.424 992.2 -302.74 .634 32.13699932. 3. .2
32000 432:194 2.1 5.0-0.9 .439 320.723. .7 2. 3. .2

3300 973 2.229942.9 -10.03 :.43 32. 23.1 4.2549 2. 9. .3
34.0048897 204 35.-244 .422.3 29433 324.31 3393 6339.000 ~ ~ ': 50917 2964.6-0.1 .43232 2. .0 2. 3. 2.63

0 41.9~'.0004224 167 9. 165 .42 32. 22 7320 S3 37. 4

93.00 0 494.1782 2.90 94 633 t.5 -0.40 .424 326.3 22.8 7.674 325$381.2 1.69
46. 000 527.324 2...49587.2 -207.68 .4.4 32.7 22.7 S 643 846 1.4 1.839
49.000 79.870 1.930 9270.5 -207.04 .24 327. 22. 8.24 338. 1.894
46.000 73.3 .65 59.6 -201.22 .423 327.4 22.9 8.4815 339.0l 2.46

41.000 502.924 2.244 5476. -205.97 .422 328.4 22.3 9.049 339.2 2.60
510.0001 86.106 2.220: 842.3 -109.20 -.4226)z.7 12.2 9.244 339.9 3.86

6.7 48.06 3469 244.9 -807.92 .460286. 222 3.1 8.25635532. 2912.703
3 '04 145
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PRESSURE PROFILE DATA
SYSTEM LICUID BIPROPELLANT PC 1000. PRIA
CIMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC (KCAL/FORM.WT.)
298 N2-04 1.43 -5.4 57.
298 N2.H4 1.004 *12.05 43.

PULK DENSITY = 1.209 GM/CC
MIXTURE RATIO = 1.326 LB OXIDIZER / LB OF FUEL

PRESSURF PROFILE DATA

CHAMBER ENTROPY 284.38 EUJ/IOOGMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA IOCo 398.1 1S5.5 63. 10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 556.3
TEMP, DEG K 3252.7 274).1 2314.1 1337.9 1612.4 1443.5 1330.8 1087.9 880.2 704.7 559.0 440.2 2923.6
E'4 HALPY I-) -12.62 13.46 35.62 54.24 61.78 77.58 82.67 93.25 101.86 108.79 114.32 118.69 4.42
CP .5272 . 5159 .5?22 .4863 .4676 .4555 .4467 .4249 .4040 . 3863 .3725 .3634 .5202
IMPUL OPT 151.20 205.30 241.55 268.08 280.44 288.22 303.78 315.87 325.27 332.58 338.25 122.47
IMPUL VAC 226.56 252.02 274.80 293.01 301.78 307.36 318.62 327.42 334.25 339.55 343.64 221.41
EPSILON 1.064 1.658 2.963 5.580 8.163 10.761 20.965 40.974 80.026 155.943 303.299 1.000

SHIFTING EXPANSION
PRESSURE, PSIA loco 398.1 15.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 571.2
liMP, DEG K 3252.7 2922.1 2592.1 2244.8 1900.1 1114.4 1589.4 1317.8 1082.2 879.4 707.2 563.2 3050.4
EN.THALPY 1-) -12.82 14.06 37.77 58.40 76.02 84.95 90.82 103.15 113.33 121.64 128.37 133.75 3.91
X BAR 4.794 4.723 4.673 4.650 4.645 4.645 4.645 4.645 4.645 4.645 4.645 4.645 4.749
N 4.794 4.723 4.673 4.650 4.645 4.645 4.645 4.645 4.645 4.645 4.645 4.645 4.749
CP 1.0893 .9178 .7124 .5513 .4903 .4742 .4647 .4429 .4208 .3994 .3815 .3670 .9908
IMPUL OPT 152.93 209.73 248.93 278.01 291.66 300.28 317.64 331.28 342.03 350.48 357.09 120.66
IMPUL VAC 230.95 259.71 285.18 305.46 315.26 321.53 334.30 344.40 352.35 358.58 363.43 224.45
EPSILON 1.079 1.733 3.162 6.014 8.839 11.697 23.028 45.546 90.048 177.505 348.537 1.000

COMP7SITION SHIFTING IMOL/100 Gm I
52.10 H .0509 .0273 .0117 .0044 .0006 .0002 .0001 .0000 .0000 .0000 .0000 .0000 .0356
19.20 H.N .0000 .0000 .Ocoo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-10.00 H*N.C .0070 .0035 .0C14 .0003 .0000 .0000 .000) .0000 .0000 .0000 .0000 .0000 .0047
9.33 H-0 .1331 .0138 .0294 .0063 .0006 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0956
.00 P2 .3544 .2823 .2304 .2089 .2057 .2056 .2056 .2056 .2056 .2056 .2056 .2056 .3088

40.30 H2.N .0000 .0000 .0COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-57.80 H2-0 2.2335 2.3489 2.4318 2.4696 2.4771 2.4777 2.4778 2.4778 2.4778 2.4778 2.4778 2.4778 2.3067
-11.04 H3-N .0OCO .0000 .0COo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 % .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
21.65 N.C .0372 .0184 .0C61 .0009 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0250

8.06 N.02 .0000 .0000 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 N2 1.9390 1.9502 1.9575 1.9606 1.9611 1.9612 1.9612 1.9612 1.9612 1.9612 1.9612 1.9612 1.9463

19.50 N2.0 .00Co .0000 .0CO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
59.56 0 .0111 .0043 .0C09 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0065

.OU 02 .0279 .0145 .0C41 .0003 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0196
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SOSTE L KOR MIEEELT3 C 1000. ORMT I41

DE C C' I 011 ;CO/CC A 7EEýE

EOSILOS ELPCP P51 TEMP 040007 CE. CALOP CIMA OEC IEA I IE M I 'AC CE SEA 'CEA

DE CAL/COC" G. DEC I' CLl 30000 40000 LML C3.0CC 1000.000 M725.T 32.? .02
3.00 TM 6.24 293.6 -4.2.70325909 .1 233.0 239.4 223.3 221.4 1.230 3.40

.000 9.2 0320.4-26 4072.20. 60.3 S.30 10. 3. 0. 20. 3.03 343.000 36.316 19.1's 3930.3 -04.09 .M6 72.1M .. '34 26. 4.10. . 3.0 3.4
)..0o0 2. 26 0.912 1004.9 -62.33 .40 20. 70. L02E 20.4 2 .7 029 72 . .3 .0

5.00 .00 20932134. -7.6 4132432. .907 211. 20. 20 10:29. 3.007 L.632

6.00 -. 211 22.333391 . -03.33 ..65 ZOO.. 24.? 1.063 713.3 203.0 793.026.35A3.0

...0 0M 3.366350.0 -?..00. .460 200.0 72.0 3.269 180.0 200.4 296., 290.0" 3.07 3.6
0.0 M.49330 40. -039.56. 279.0 s 23.36"420.4 70.7201.9 303.3 3.0 7 3.64h

3000 30o 2 3.09 39.9, 03.34 .4,9 206.2. 39.7 3.003 216.1 302. 305.9 3.720
33.000 303 .330 9V.,93 3322.3 -03.00 .446 200.o 39.0 3.900 30. 0'.0 ?3.03

3200 33.4 .066 32S0.3 -04.005 .4 293.3l 36.3 2.3412 14.0 30.. .4
3.000 ..30.93 T.4 320. -,9 L,43 29. ,3. 2.377 061.9 330.9 3.740

34000 34.1 .63 320. -1.3 .4364 294.9 30.3 2.S32 301932.2 370
30.000 LM0.0. 3.214, 320.9 -M.22 .6629.0 36.3 '.!630. 331 3.4

:37.00.N2:,.90363 55 36.3-0.36 43 29*9.3 36.3L .05, 330.2 33. 3.7730.000 204.656 4.62 3340.0 -43.03 .430 30. 3.32330.0 I3. .0

23.000 203.730 3.502 30E0.4 9.0.7 3031.0 34.M .3 3. 3. 9
22. 000 239. 34 3.1 313. -I.0 .L0 E 3. .7 3. 3. .9

73000 2M.1.1-4 3.M 3050.3 -04.5 .47 30. 34. 4.3 390 200 3.9

75.000 323.300 3.130 3030.0 -90.0.10 30.3339 1139 39.0 323.2 3.006
26.000 9.63 .99034-4.2.3 30.0o 33. 4.690 333.7 3230 300

29.0 )99.4E8 2.503 :M.). -0.3 .435 930.0 33.3 4.265643. 2. .3
30.000 43.0 23592.6 -50.0 .4t433.6 33.0' 5.430 33.t7. .020

33.00..0 43.6C71 2230 942.0 -40.50 .432 3332 32.0 5.623 335.4 324..0 3.022
32.00 44305 2.36 5.M1 -9.9 :43 333.0 32.0 4.003 3. 2. .7

33:.000 406.955 2.C[2 334.6 -99.60 .130 332.3 32.4 6.309 339.0 323.2 3.0204

35004333 340960-0.0.0 3. 22634343300 1.430
3600 0001 .3093. -0.4.0'0:3303. .9 3. 2. .3

30.000 5000 302093-0.0.03323.0 4.65 334. 32. 3.034

0.000 63.0 2 3.693 010.0 -303.56 ..005 335.5 33.7 :..*I 320.3 3.039

43000 63.7 ..964.0 -30C2.6.40237032 0 7.6232.2 .4

46. 000 7534 333004-1.7.403 337.0 13.3 Y.4 2.77 3.040

4.000 333.303 3.225 .90.3 -309.00 393063. .3 29.4l 4.5

000MP::02 P!1 0 1:030 1

C 0710 006. PT/SE

3.310o 30.03220 3.2.00931.

39.000 I.5 10.0 905. -3 - I93300333 .02230224243 2. .3 .2

3.000 3 6.3 270.3 5o.M4.5 244 4 .. 007 770.3 277.6 2.3203.3 3.31.2509
4.000 22.05 134 34.6. -415.9 .020 2.0.E 97.0 j.740 707.4 203.1 297.0 230.9 1.504 3.630

0.000 73.314 33.943 3990.2 -03.30 1" 11.50 20. 09.6 .220329720440235034
6.000ý c 394 Is].9 390.2 -70.36 C.49 277.9 27. 3.09 209.4C 094.21 90. 300. 3 3.603"

32.000 3 3 ..33 9... 49 300, . 4 -9. 3 4 0 : 003 0 23.3 2 .302 8 93.222. 3 2 1 ,: 31 120

34.000 L L72 0.0 303.9 341:1 *.34 ý6 1459 6 30.39.9 7.903 32. 32.2 3.90
34.00 0 343.644 0.040 3414.9 -90.64 .400 307.2 39. 7.74 3231 ll.9 926 ISS .6 1 3.33.000 334.92 3.0 3450. -9.0 .03093.0730229.06 92.00. .7 3.004
1. 30.00 33.3 0.3 444 -09 9 30.4 30.6 3.3124 9. 9. 2 30. 1S.4 37 .0 9 3.6030

30.000 302.03 '149 3433. 909 45''3 : 93. 30.7 3.0 32.4 330. 334039.000 39.0 :.30 33"0. -99.9 144 333.2: 37.0 3.490 0. 312.0 933.0 3.023,

23.000 223.30 461.410 3302.4 -303.62 .446 335.0 30.2 9.204 32. 320 ..03
22.000 730.039 4.230 3334.9 -30.4 .44 336..6 34..9 4.039 32. 93.0. .3230 C 20.000 3..90 330. -303.33 4.43 33. 36.0 4.0032.334. 3.040

26.000 20053 3.4 373. -35.2.4 2.3 36.0 4.764 923. 336:.3 .5

"2 4 0 3 3 3 .5 0 3. 0 3 6 3 2 4. 6. -3 0 4 . 2 0 . , 3 7 3 2 3 . 9 3 0. 5 5 ?.3 0 3 2 0.1 3 3 0. 0. 0

30.00 33.9 .3 32. 3134.3 2. 3. .47.3 330.0 3.34333.000 302.204 2.636320.-310 .433 37401 33.0 .3l2. 3. .32.00 368.412 2.004 3309.7 -30.32 .4321 32. 34. 0925 329.4 339. 3.149

3000L59 3 .2736.0 -396 .92 376.4 34.4 3.906 329.7 390.0 3.070
34.00 46. 1 2.3L30 335.033.0 .47 31.034.2 4.6332.0 343.2 3.070
31. 000 430.344 2.059 3350.7 -330.44.7? 2.03. .4 329.9 343. 3.330

32.00 0 032.07 3119 '33143.3 330.0 . 47 320.0 3 .0 7203 .09.00 3 402239.000 020.046 3.923 3331.z10.1)33 .426 320.0 33.0 1.200 33. 342. I .0
410.00 03:.20: 3.0631 3324.3 -33.001 .4 '12.93.1. .1 3. 4. .0

43MO 300 . 4 3.70 330. -3.0 .424 30 . 33.4: 7.07 343.6 3.09
44. 00 J60.064 3.03 30931.3 -33.0 .422 330. 33. 1232 3436.9 3.93

6.0MO 6394.904 3.563 3079.0 -333.46 .420 333.0 33.3 o.3 3*4.0 :309
4 0 C 6 5 . 0 3. 3 3 02 . 3. - 3 3 3. 7 0 . .2 0 3 3 .9 3. 0. 0. 9 0 3 4 .I3 09I

4900 69.01 3.2 3000.9 -33.9 .40 3.43200.4 3480. 3.90

"4.0 12.2 3.3 002. 33.0 .431 332.9 327 .14 9.362 340.0 3.902
0.039 600 4 34:1.8 9 3:034.4,l: -04.931 a47 293.7 23.56.3.04 29. 29.0329.3 330.3 30 .73

6 -0 .29 32..4- 1 ..4?- .:2:1 4

1::
2CI 1&I ,
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PRESSURE PROFILE DATA
SYSTEM LICUID BIPROPELLANT PC 1000. PSIA

COMPONENT TREF FORMULA DENSITY HEAT FORM wT. 0/0
DEG K GM/CC (KCAL/FORM.wT.)
298 W4204 1.43 -5.4 64.
298 N2*H4 1.004 +12.05 36.

2ULK CENSITY s 1.241 GM/CC
MIXTURE RATIO = 1.778 LB OXIDIZER / LB OF FUEL I

PRESSU;RE PROFILE DATA

C-PAMBER ENTROPY 267.97 FU/IOOGMS

CtiAMBER THROAT

FROZEN EXPANSION
PRESSURE. S I A IoCU 398. 1 15e.5 63.10 25.1? 14.70 10.00 3.961 1. 585 .631 .251 .100 557.9
TEMP. DEG K 3163.5 2613.4 2250.2 1883.9 1561.2 1402.9 1293.2 1057.1 855.2 b84.8 543.3 427.9 2844.7
E..THALPY (-I -9.78 13.91 33.89 50.67 64.67 71.69 76.2b 85.81 93.57 99.81 104.79 108.72 5.69
CP .488b .4779 .4653 .4502 .4329 .4219 .4135 .3938 .3746 .1582 .3455 .3370 .4819
IMPUL OPT 14J.57 194.91 229.33 254.50 266.23 273.62 288.38 299.85 308.77 315.71 321.09 116.01
IMPUL VAC 215.11 239.26 260.K9 278.16 286.4b 291.78 302.46 310.81 317.29 322.32 326.21 210.22
EP SILO'N 1.364 1.657 2.962 5.577 8.157 10.752 20.948 40.941 79.969 155.853 303.179 1.000

SHIFTING EXPANSION
PRESSURE, P1IA I0CO 399.1 158.5 63.10 25.1? 14.70 10.00 3.9R1 1.585 .631 .251 .100 570.3
TEMP, DEG K 3163.5 2822.4 2486.1 2151.o 1829.2 1653.1 1533.3 1271.0 1042.6 846.2 679.7 540.8 2954.3
E ETHALPY 1-} -9.78 14.41 35.65 54.11 64.89 17.93 83.21 94.31 103.46 110.93 116.97 121.79 5.33
X BAR 4.444 4.192 4.358 4.341 4.335 4.334 4.333 4. 333 4.333 4.333 4.333 4.333 4.410
N 4.444 4.392 4.35 9 4.341 4.335 4.334 4.333 4.333 4.333 4.333 4.333 4.333 4.410
CP .8995 .7574 .6243 .5263 .4684 .4474 .4352 .4112 . 3903 .3708 .3540 .3409 .8133
IMPUL OPT 145.06 198.81 235.76 263.28 276.24 284.43 300.92 313.88 324.06 332.06 338.32 114.66
I-V'L VAC 218.93 245.93 270.01 289.81 298.66 304.62 916.75 326.32 333.85 339.73 344.31 212.90
Fe SILON 1.017 1.726 3.151 6.018 8.858 11.725 23.075 45. 'C3 90.014 177.236 347.663 1.000

COMPOSITION SHIFTIN. (MOL/IO0 GM)
52.10 H .0191 .0074 .0C19 .0003 .000o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0111
19.20 i-.N .OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-10.00 ý-..c .OICO .0057 .0C30 .0013 .0005 .0002 .0001 .0000 .0000 .0000 .0000 .0000 .0072
9.33 h-0 .1760 .1088 .0553 .0209 .0054 .0020 .0009 .0001 .0000 .0000 .0000 .0000 .1337

.00 H2 .0873 .0434 .0159 .0037 .0005 .0001 .0000 .0000 .0000 .0000 .00O .0000 .0587
40.30 1-2., .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .(000 .0000 .0000 .0000 .0000

-57.80 -2.0 2.0568 2.1422 2.2006 2.2311 2.2431 2.2454 2.2461 2.2466 2.2466 2.2466 2.2466 2.2466 2.1119
-11.04 Hi-N .00CC .000O .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 " .0000 .0000 .0O0o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

21.65 N.0 .0894 .0611 .0376 .0196 .0081 .0043 .0026 .0006 .0001 .0000 .0000 .0000 .0716
8.06 N.12 .0CC2 .0001 .OCOl .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

.00 N2 1.1690 1.1854 1.7986 1.8084 1.8145 1.8166 1.8175 1.8185 1.8188 1.8188 1.8188 1.8188 1.7794
19.50 N2-0 .00C0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .000 .0000 .0000 .0000
59.56 0 .0226 .0113 .0042 .0010 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0152

.00 02 .2135 .2264 .2407 .2538 .2624 .2651 .2662 .2674 .2677 .2677 .2677 .2677 .2212
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DEG K 08209 I 8000L/ORA. .9.1
298 6127019, .12.05 16

EAGLEN EXPANSION'
C STAR . N433.4 7795(0

E959195 Pc/E P POLA TEMP E7.T6ALP8 CE CAILL I OPT OILvAC CELVAC I SEA ' T IA A ESA CE AC

LODEG0.0 ILT. 9CL10.8 .489D. .. l

.000 L.W 119.880 46A T -5.891 .4"2 LL.0 90.0 .L6 20;.? 208.51 209.9: 2L0. L.8 L.44

8. 000 4..L TB 6L.8L2 967.8 -40.99 .4SO 229.9 L..4 .S0 259.6 2N6.L 260.' 26L.3 1.5093 .547

1.000 25.995 )9.455 L924.01 -477 .44,11 12 242. 29. . 69 I 2591.6 262.9 268.4 269. 7 1.49 .9

5:.000 90.61L4 .9 L6. -62.501 *..49 250.8 24.9 .95 26. 669 241 7. .5 .9

aS Y 8.000 8626 1.9 1600.9 -9,.96 .42 24 :' 20. 9.5 2642 7292.21 261. 09.12 1.46 1.49419.000 98189.9 893-99 40249. 99. I'2 2""" 20. 201 1.204

11.000 109.28 95.6892794!.4 9 64 1 .). 9 24 2 D 990:2900. 9.

24.000 97?.0P91 6.00 1 19 . 91.2 ':.41 1426. 940 2 .20. 0. 1.91

16.:000 99 8 0.0 14. -602.20 .4D2 28.1S4 0.9 0. 299.4 .

19.00 99.5( 424 926. -9., :400 29,. 95.: 290 298.4 299.1, .9

000 2 969 9.241 90926.9 -84.01 .94 2T. 90 2 9.09 0. 0.

22.:02,0 29.42 991 1069.0 74.662 i.90 29.9 9.2. 2i4l 909..9 in
29.09312 n6.694 , 904. -:.0 .99 20. 9. .0:27969.b.9

04.0 2 0 9: . 6 I . 9 1 09. 4 -. . 9 . 9 9 . 9 4 4. 9 1 . 0 . .

26000 269,0 1 . 10.9 998. b-9 9 .6 290. 99.0 4.4 096 84..0

0 0 0 61 .64 . 2 .999 10 64. -4 .9 .96 21 4. 9 . 4 . 4 b0 . 80 9.0 1 . 4

99.000 49.I .1 19.-.1.0411 016.4 99.0 I %.67 ,6. 80. 9.824

I94.030 494.06 1 .8 690. -.. 9 79 074 ý19.9 1.019. 69 .6
6043 47.9 2.6 19:b 322 98 099 94 49428. 0. .197001, 9 .7 9894 -1.2 *9 0089 9. .2 f0. 9-46. .

.0.003~ ~~~~~~ 61909 1.9 4. 989:94 094 991 4.7 91. 9.79

0..00 9 .29. l 1.96 61. 9 - .2 .4 .92 999 104 94'99. .

68.00 96.97 9.4~ 09.. 64.4 .90 79.6 99.4 9.69 99.9 .84

69.000~~~~~ 99986 1.999. -.4.0 .99l 90.99.4 92090. .

-0.00 941.2' 9.998 t.2 -48 .99 927 9 2-.6.440?- 992.6 9.649t.-

09.21 21-AL 9000 ,4 21b 96 .4 090 490

9.0 10, So992944 -2.9 .6 299.4 94.8 .42 240.6 240:9 249.4 249.9 9.9 9.458
4.000 C269 992 0009.4 -4.6 .4091 247.9l 90. .709 0;147.5 1 n 28. 09.6: 39. 9.44 .1.4

9000 ,, Q993 2-.6 9746n.7 -9.4 40 26. .. 4 11 0 9.4 207 29.9.1~9 9702

9100 1.91 14.909 24. -7.0 .486 28. 20.7 941 ' 9,9. 9.1)80.9 9.74

99.00 994.54297.6409494.1 7.4 I 49 069. 90. 2.0' 90. 869b
98.00 1 in8.914 P .8n02 9649.0 -,1~9 1 08 292 9. 2:.., 904.0 949 .9

-Go00 b4.t 8.7I 90. -4.58 .408 29 .4 o 18. .784 904.8 99.4 9.0

9000 195.12: 5.95I 9988.9 -99.4 .42 29.'7. 69946 9. 1.929

19O00 19512 4123 194.4 -1.94 -46 29.4 9. 0 I .0 90. 996b.2

"1.000 12.144 4.699 990.8 - -.6 .9 29.0 94.0 8.6. 90.I1..9
29000 30.5 L .99 922. -90.9 .9 801.9 914.8 9.69 900.9 994.7 1.-99
2o000 094.689' 9.94n 1125.. 941.69' .490 60. 94. 1.4 99:. 811 1.84
24000 261.4t7 2 9.E79621k1.9 -4.4 401 602. 94. 0.6 99. 996. 9.844': ,
26000 0E47.96 8.I 926. s6.9 2.0 606. 14. 1.494 69.19.

29000 1n12 9.18 9294,.9, -98.49 30 904. 95.0 . 70 99. 999.2 9.49
28.09 190.4 9..02 1202. -4.905 .64 60. 94. 4.8842 999 2 99.L

29000 94.6 . 905 0.9 .04 304.6 98. 4.9 99. 92.0 9.30.000 941.811 2.9011 0. -08.04 1' . , 904.6 :14.4 5 ,5 9 1.8 20.9 9.,2
8s. 040 84.6 I'D 0 1947.9 -00.94 .40 908.4 96.9 4.49 69. 809. 9 784

8.0 41.020004 1968-9 .8 .400 708. 999 .9429'2 92.
)4.00 48S.74a 2.713 1976. -0I 9 .9- 808. 98.9 6.9 9. 2. .

99.090 5U4.041 2.049 9109.9 -900.194 .996 990.2 99.4 6.499 99.6 909.4 1.D

99.00 419.200 1.906 108. -1014 .89 911.2 99.9 6.804 692.7 84.8 1.669
4O000 464699l 9.4 9088.9 -90.9 .4 996 1. 6.9 992.9 94.7 1.8

49000 44.9 9.0 1060 -992.94 .36 9912.9 92. 9.49. 124. 9.86

"8.000 487.460 1.751 1040.9 -1021.9 .1992 992.9 92.7 o~ 9.6i2. .9

44.000 60.4 .5 17. 9903 .9 9. 2.4 74432.b.9
45000 621.157 1.610 1046. 7 -609.9 .99 987 9. . 26. 1..9
06000 669.114 1.5645 1069.8 -909.5"7 .69'1" .0 92I.4 ;7.921 9264. i..95
47000 648.919 1.519 1064.1 -607.8 .989 315.4 92.9 8.912267 1.9

48.000 698.97 9.49 602. -904.09 3.98 9.7 12.28.29 92.0 1.899

oO.0410 719.4C2 9.390 1016.1 -198.47 .198 895.6 92.0 8.6645 327.4 1.9091
6.58 6 .05 94.694 1699.1 997.99 .447 276.2 22.0 1.526 206.2 289.0 994.9 29d.7 1.604 1.734
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PRESSURE PROFILE DATA
SYSTFM LIQUID HIPROPFLLANT PC 300. PSIA
COMPONFNT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCAL/FORM.WT.)
298 N2.04 1 .43 -5.4 40.
298 42.H4 1.004 *12.05 60.

eULK CENSITY 1.140 GM/CC
PIXTURE RATIO * .667 LO OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 331.05 EU/1OOGMS

CHAMBER THROAT

FROZEN EXPANSIO'N
PRESSuRE, PSIA 300.0 13ý.7 60.49 27.16 1..70 12.20 5.477 2.460 1.104 .49b .223 .100 165.8
TEMP, OEG K 2552.2 2169.2 Id1i.2 1541.0 1942.7 1286.6 1066.1 876.7 7i1.8 580.9 469.0 377.9 2262.9
ENTHALPY 1-) -20.21 2.52 21.80 38.05 48.71 51.66 62.99 72.34 80.01 d6.25 91.30 45.36 -3.02
CP .5947 .1-.0 .5656 .5459 .5292 .5Z40 .5035 .4844 .4684 .4562 .4481 .4427 .5880
IMPUL IPT 140.64 191.17 225.13 2414.7 ?50.06 ?69.04 283.76 295.28 304.33 311.47 117.09 122.29
IMPUL VAC 221.49 24 .46 261.03 273.62 277.04 289.82 299.96 307.99 314.34 319.37 323.34 219.33
FVSILJN 1.025 1. 420 2.258 3.304 3.780 6.483 11.256 19.669 34.485 60.591 106. 782 1.000

SHIFT ING EXPANSION
P.ESSURE, PSIA 300.0 134.7 60.4) 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 165.9
lIMP, DEG K /5>2.2 2188.9 185 7.0 1561.2 1361.0 1306.4 1083.6 892.0 729.0 592.2 479.7 394.2 2280.9
EiTHALPY 1-) -20.21 2.62 Z2.04 38.51 49.30 52.29 63.77 73.26 81.04 87.18 92.52 96.69 -2.98
X BAR 6.066 6.055 6. C52 b.051 6.051 6.051 6.051 6.051 6.051 6.050 6.045 6.015 6.056
N 6.066 6.055 6.052 6.051 6.051 6.051 6.051 6.051 6.051 6.050 6.045 6.015 6.056
Ce .6759 .6078 .5716 .5419 .5307 .5256 .5049 .4857 .4697 .4590 .4661 .5942 .6213
IRPUL OPT 140.94 191 I. 226.02 245.92 251.15 270.31 285.16 296.80 305.95 313.17 318.91 122.44
IMPUL VAC 222.23 242.46 262.20 274.91 278.37 291.28 301.53 309.65 316.07 j21.18 325.33 219.98
EPSILJ' 1.026 1.424 2.266 3.356 3.795 6.513 11.316 19.788 34.726 61.152 109.326 1.000

COMPOSITION SHIFTING IMOL/10 GMI
52.10 H .0241 .0061 .0O10 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0090
74.20 H-:, .00CO .0000 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-10.00 HC4•.0 .0003 .0001 .0Coo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
9.33 H-0 .004H .0007 .0col .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0013

.O1 H2 1.9963 2.0028 2.OC50 2.0054 2.0055 2.0055 2.0054 2.0053 2.0050 2.0038 1.9968 1.9508 2.0017
'.0.30 H2.N .0000 .0000 .0C0o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-57.80 H2.0 1.7333 1.7380 1.7388 1.7388 1.7388 1.7388 1.7388 1.7388 1.7388 1.7388 1.7388 1.7388 1.7374
-I1.04 H-8N .0001 .0001 .OCOl .0001 .0001 .0001 .0001 .0001 .0003 .0012 .0058 .0365 .0001
113.00 N .00C) .0000 .0c00 .0000 .000) .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
21.65 N-G .0004 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
8.06 %,J? .0000 .0000 .0co0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 N2 2.3065 2.3068 2.3C69 2.3069 2.3069 2.3069 2.3069 2.3068 2.3067 2.3063 2.3040 2.2:86 2.3068
19.50 N2.0 .00co .0000 .0COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0 00 .0000
•9.5b C .0000 .0000 .0C0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 . 000 .0000

.00 C2 .00CO .0000 .0coo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .6000 .0000
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DEG / 9CC 79C8623988.998.9
28 224 1.99 4.54 sO.

293 Il :1 14 19.004 .192.S 111 60. CF C

I', A 9C92906 III 0G 0 DE 1 LVI 10000 50000 LVIL

1.000 9.809 94.804 224. 3.02 . 8 12. 97.0 210.1 218. I I ý 4

9.0 1794 9.7 3914.2 5 -9.9 .143 240.0 30.9 6 2 244.5 252.83 291.4 71. 93 154.0010 2 1. 6 9919 1 261.42 - .9 .422 10292.3 26.2 244. 21 8.6 278 1.14 9..496
,.00 1 7.( a.7 1 94.31 -4 .25 .01 26.6 23. 271.1 282.2 9.69?
1.000 401(9' 1 9ý.99 994 1 -6.4 .0 266.71 29. 4.14 282. 2 291. 9.64

4.00 19.43 9.9 1097.7 19.4 .0 211 . 209"."02 b. 299. .,80

9.000 9.47 974944 -87 .42 283 9. 4.9 72.9. 2962 963
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97.04 22.77 95970 .6 -949 .7 293.9 97 '9.0637.4.

02.0, 0 9.92 .04 7091..2 -70.3 .997 29. 2. .20079. 976
29.020 3W.0 .37 671.7 -1.3 .96 29. 24934679.Z.

46.00 11629 .94 4.7 4 .2 :69 30. 99.4 2..281 39. 1,708

29.000 990. 3 51 59469.4 -74.99 .464 302.7 99.9 966 2993.7 9.729.0111 4"2.I'll .639 1617.2 -74.50 .464 7 09.3 90.91 27.315,796.2 1. 037 .00 9(6.07 , 4 627. 95.86 .469 70. 9 0. 9 97.90 21 ? 99. 9..7399.00009.074 49 677.7 :96.29 .460 308. 099.7 9. .8
47.000 11149 14 69.4 7 64 .460 30.0059.3 9. .9
47.000 490.802 .59 240.9 96.746 .455 904.2 : 90.9 99 21 3194.6 9
41.004 4796.99 . 50 .439. 03.97 .649S 7105.4 90.2 20.299.41 1..49
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PRESSURE PROFILE DATA
SYSTEM LI(.UID RIPROPELLANT PC 300. PSIA

COMPONENT TREF FORMULA DENSITY HEAT FIRM wT. 0/0
DEG K GM/CC (KCAL/FORM.w1.)
298 N2.04 1.43 -5.4 4H.

298 N2.H4 1.004 412.05 52.

PULK DENSITY * 1.172 GM/CC

MIXTURE RATIO .*923 LB OXI0IZFR / LB OF FuIFL

PRWSSJRE PROFILE DATA

CHAMMER ENTROPY 315.75 EU1/100MS

CHAMBER THROAT

FROZEN EXPANSION
PRtSSURF, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.10. .496 .221 .100 167.0
TEMP. DEG K 2915.2 2498.9 2133.8 1813.8 1515.1 1533.0 1287.2 1072.7 887.0 727.b 593.3 480.9 2605.1

ECTHALPY {-I -16.73 6.61 26.72 43.79 55.11 58.27 10.46 80.61 89.14 96.12 101.82 1C6.47 .75
CP .5683 .5562 .5416 .5245 .5105 .5060 .4854 .4651 .4467 .4305 .4177 .4088 .5595
IMPUL OPT 142.72 194.43 224.47 250.01 255.44 ?75.43 291.09 303.49 313.33 )21.16 327.39 123.35
IMPUL VAC 225.16 246.11 266.69 240.05 283.70 ?97.43 308.45 317.25 324.27 329.86 334.30 222.79
EPSILON 1.028 1.434 2.300 3.432 Rgo90 6.745 11.845 20.920 37.029 65.577 116.122 1.000

SHIITING EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.47 2.460 1.104 .496 .223 .100 168.3
TEMP. DEG K 2915.2 2514.4 2294.6 1913.8 1b59.0 1624.9 1369.8 1148.3 951.9 184.3 641.6 521.9 2669.5
EiTHALPY (-) -16.73 6.97 21.62 45.40 57.24 60.55 73.86 84.13 93.11 100.53 106.61 111.60 .70
X BAR 5.446 5.410 5. 85 5.330 5.o390 i.39 5. 39 5.389 5.389 5.389 5.389 5.349 5.418

N 5.446 5.410 5.395 5.340 5.390 5.389 5.389 5.389 5.389 5.389 5.389 5.389 5.41d
CP .o341 .6760 .5328 .5318 .5180 .5128 .4918 .4714 .4516 .4346 .4207 .4111 .7133

IMPUL OPT 143.59 196.44 232.50 253.69 259.29 279.07 296.22 309.13 319.40 327.60 334.14 123.17
IM'1PE.L VAC 227.45 249.49 270.66 284.11 288.49 302.76 314.25 323.41 330.84 136.73 341.42 224.69
EPSILON 1.032 1.454 2.340 3.448 3.967 6.898 12.149 21.529 38.234 67.912 120.594 1.000

COMPOSITION SHIFTING (MOL/100 GM)
52.10 H .0667 .0284 .0C84 .0016 .0003 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0372
79.20 H.N .0000 .0000 .OCQO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .- 000 .0000 .0000

-10.00 HNMO .0015 .0005 .Oco0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
9.33 HMO .0381 .0119 .0C23 .0003 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0172

.00 H2 1.1531 1.1521 1.1557 1.1579 1.1584 1.1584 1.1585 1.1585 1.1585 1.1585 1.1584 1.1579 1.1515
40.30 H2'N .0000 .0000 .Oc0o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-31.80 HZ.O 2.0388 2.0726 2.0840 2.0863 2.0866 2.0866 2.0866 2.0866 2.0866 2.0866 2.0866 2.0866 2.0660
-11.04 H3.N .00O0 .0300 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0004 .0000
111.00 N .0000 .0000 .OC00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
21.63 N.O .0049 .0011 .0CO1 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0018
8.06 N-02 .00O0 .0000 .OC00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 N2 2.1410 2.1434 2.1441 2.1442 2.1442 ?.1442 2.1442 2.1442 2.1442 2.1442 2.1442 2.1440 2.1429

19.50 N2.0 .00co .0000 .Oc00 .0000 .0000 .0000 .OOJu .0000 .0000 .0000 .0000 .0000 .0000
59.56 0 .0011 .0002 .OC00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0003

.00 02 .0010 .0001 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0003
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PRESSURE PROFILE DATA
SYSTEM LICUID 8IPROPELLANT PC 300. PSIA
COMPONENT TRFF FORMULA DFNSITY HEAT FORM WT. 0/0

OEG K GM/CC (KCAL/F3RM.wT.)
?98 %2.04 1.43 -5.4 52.

29 8 '42..- -4 1 .004 4 12.05 4d.

8ULK DENSITY 1.18H GM/CC
MIXTURE RATIO = 1.0H3 L B 0TKIDIZER / L H OF FkIEL

PRESSURE PROFILE DATA

CAm EP ENFR1PY 307.2? FU/IOOGMS

CHAPBER THROAT

FRO/EN EXPANSION
PRESSURE, PI A 300.0 134.7 60.49 27.16 14.70 12.20 5.417 2.460 1.104 .496 .223 .100 166.9
TEMP. DEG K 3057.2 262).6 2254.1 19?4.1 16)8.3 1634.1 1379. 3 1155.8 961.1 792.9 649.3 528.4 2738.6
ENTHALPY (-I -15.CO 8.31 28.32 45.44 56.84 60.02 72. b 82.75 91.42 98.60 104.51 109.33 2.41
cP .55-2 .5192 .52b1 .5104 .4919 .493 1 .4746 .4548 .4153 .4184 .4043 .3934 .5421
IMPUL ',T 1.2.98 194.12 229.10 249.98 255.46 275.68 291.61 304.27 314.37 322.43 328.87 123.06
IMPUL VAC 224.76 245.91 266.7T 280.29 2?8.99 291.99 309.29 318.36 325.62 331.42 336.04 222.32
EPSILON 1.028 1.440 2.317 3.467 3.933 6.851 12.08b 21.451 38.144 67.820 120.502 1.000

SHIFTING EXPANSION

PRESSUAE, PSIA 300.0 134.7 60.49 21.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 170.1
TEMP, DEG K 3097.2 2152.9 2435.4 21 14.0 140.6 I812.9 1541.7 1301.9 1091.2 907.5 748.8 613.5 2842.5
E,4THAL/Y (-I -15.Co 8.73 29.1I s ..3. 1 60.40 63.46 77.14 48.76 98.31 106.40 113.05 1P.51 2.12
S0AR S.159 5.105 5.C74 5.062 5.059 5.059 5.058 5.058 5.058 5.058 5.058 5.058 5.11b

35.159 5.105 5.C74 5.062 5.059 5.059 5.03, 5.058 5.058 5.058 5.058 5.054 5.118
Cv 1.0181 .1981 .6330 .5470 .5152 .t08? .4862 .4660 .4464 .4270 .4107 .39?1 .8588
IMPUL 0 PT 143.65 197.26 234.21 256.11 261.92 283.42 300.44 314.05 324.97 333.76 340.81 122.03
IMP,' VAC 22d.2? 251.42 273.74 288.23 292.10 301.21 319.39 329.24 337.19 343.57 348.68 229.09
ESILO. 1.036 1.477 2.400 3.606 4.096 1.167 12. 714 22.704 40.633 72.699 129.897 1.000

CtJMIOSITION SHIFTING IMOL/100 GM)
92.10 F .0823 .0443 .0178 .0048 .0013 .0008 .0001 .0000 .0000 .0000 .0000 .0000 .0543
19.20 F-N' .OOCO .0000 .OCOo .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-10.00 H*N.C .C029 .0012 .0400 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0016
9.33 R'd .08u0 .0370 .0109 .0019 .0003 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0485

.O0 H 2 .1762 .7417 .7335 .73 3 .7346 .1347 .7350 .7350 .7350 .7350 .7350 .7350 .7473
40.30 H2-N .OOCO .0000 .Oc00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-,7.80 H2-0 2.1432 2.2125 2.2475 2.2584 2.2601 2.2603 2.2605 2.2605 2.2605 2.2605 2.2605 ?.2605 2.1960
-11.04 H3-N .0000 .0000 .Oc0o .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 N .0000 .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

zl.65 N.0 .0142 .0051 .OCil .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0072
8.Ob N6C2 .00CO .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 N2 2.0543 2.0597 2.0621 2.0628 2.0629 2.0629 2.0629 2.0629 2.0629 2.0629 2.0629 2.0629 2.0585
19.50 N2.0 .OOCO .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
t9.56 0 .0053 .0014 .0C02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0021

.00 02 .0039 .0017 .0C02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0026
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PRESSURE PROFILE DATA

SYSTEM LICUID BIPROPELLANT PC 300. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCAL/FCRM.wT.)
298 N2.04 1.43 -5.4 57.

298 N2.H4 1.004 412.05 43.

PULK CENSITY * 1.209 GM/CC
PIXTURE RATIO * 1.326 18 OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMHER ENTROPY 295.91 FIIO/IOGMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE. PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 166.7
TEMP. DEG K 3148.7 2715.6 2334.9 1999.6 1b79.9 1704.4 1444.6 1215.9 1015.8 841.8 692.3 565.4 2825.5
ENTHALPY I-) -12.b2 9.72 29.13 45.79 56.91 60.02 72.12 92.35 90.92 98.06 103.95 108.78 4.04
CP .5254 .5153 .5C33 .4898 .4779 .4741 .4563 .4374 .4189 .4015 .3865 .3747 .5180
IMPUL OPT 140.04 191.)04 225.81 246.30 251.74 271.85 287.74 30C.42 310.58 318.73 325.25 121.13
IMPUL VAC 221.16 242.17 262?.6 276.36 280.07 294.08 305.42 314.57 321.92 327.81 332.52 218.71
EPSILON 1.029 1.444 2.330 3.494 3.967 6.933 12.279 21.879 39.057 69.702 124.220 1.000

SHIFTING EXPANSION
PRESSURE. PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 112.8
TEMP. DEG K 3148.7 2892.4 263S.7 2375.3 2156.6 2088.6 1802.7 1541.2 1308.5 1102.9 922.2 765.0 2971.2
ENTHALPY I-I -12.82 10.25 31.09 49.79 62.68 66.34 80.71 93.05 103.56 112.46 119.92 126.15 3.32
X BAR 4.839 4.165 4.706 4.666 4.651 4.649 4.645 4.645 4.645 4.645 4.645 4.645 4.787
N 4.839 4.765 4.706 4.666 4.651 4.649 4.645 4.645 4.645 4.645 4.645 4.645 4.787

CP 1.2769 1.1092 .9C38 .6832 .5603 .5368 .4844 .4613 .4420 .4229 .4038 .3871 1.1650
IMPUL OPT 141.68 195.46 233.40 256.30 262.43 285.25 303.49 318.20 330.13 339.83 347.71 118.50

IMP.. VAC 225.79 250.41 274.45 290.13 294.42 310.63 323.88 314.71 343.55 350.73 356.54 222.27
EVSIL.J, 1.040 1.513 2.517 3.835 4.368 7.718 13.810 24.903 45.053 81.504 147.149 1.000

COMPOSITION SHIFTING (MOL/100 GM)
j2.10 . .0737 .0455 .0245 .0105 .0043 .0031 .0006 .0001 .0000 .0000 .0000 .0000 .0535
19.20 H4N .O000 .0000 .0COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .OOuO .0000 .0000

-10.00 h4N.0 .0051 .0029 .0015 .0006 .0002 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0035
9.33 H40 .1596 .1032 .0559 .0214 .0069 .0045 .0005 .0000 .0000 .0000 .0000 .0000 .1199

.00 H2 .3886 .3200 .2613 .2218 .2090 .2075 .2057 .2056 .2056 .2056 .2056 .2056 .3405
40.30 H2.3 .0000 .0000 .OCoo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-57.80 P2.0 2.1756 2.2877 2.3812 2.4454 2.4688 2.4721 2.4773 2.4778 2.4778 2.4778 2.4778 2.4778 2.2545
-L.04 H3-4 .OCO .0000 O0o0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 K .00CO .0000 Ocoo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
21.65 .O0 .0398 .0236 .0114 .0036 .0009 .0005 .0000 .0000 .0000 .0000 .0000 .0000 .0282

8.06 N-02 .00C0 .0000 0co00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 N2 1.9387 1.9479 1.9548 1.9591 1.9606 1.9609 1.9612 1.9612 1.9612 1.9612 1.9612 1.9612 1.9453
19.50 620 .0000 .0000 0COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
s9.56 0 .0178 .0089 .0C33 .0007 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0113

.00 a2 .0399 .0257 .0123 .0031 .0005 .0002 .0000 .00nO .0000 .0000 .0000 .0000 .0302
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PRESSURE PROF!LE DATA
SYSTEM LICUID BIPROPELLANT PC 300. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM wT. 0/0

DEG K GM/CC {KCAL/FORM.WT.)
298 N2-04 1.43 -5.4 64.
298 N2.H4 1.004 +12.05 36.

eULK DENSITY * 1.241 GM/CC
VIXTURE RATIO = 1.778 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMFER ENTROPY 278.64 EU/100GMS

CHAPBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 167.8
TEMP. DEG K 3077.3 2654.6 2282.8 1955.3 1730.9 1667.0 1413.1 1189.8 994.4 824.5 678.4 554. 1 2765.2
ENIHALPY (-) -9.78 10.62 28.18 43.27 53.33 56.15 67.11 76.37 84.14 90.61 95.95 100.33 5.32
CP .4869 .4776 .4666 .4539 .4430 .4394 .42)2 .4060 .3885 .3727 .3588 .3477 .4803
IMPUL OPT 133.21 181.71 214.d2 234.32 239.50 258.43 273.76 285.84 295.52 303.28 309.51 114.60
IMPUL VAC 210.39 230.38 250.07 262.93 266.46 279.79 290.60 299.32 306.33 311.95 316.44 208.05
EPSILON 1.029 1.444 2.330 3.496 3.968 6.938 12.289 21.906 39.124 69.851 124.544 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 . 12.20 5.477 2.460 1.104 .496 .223 .100 171.4
rtMP, DEG K 3077.3 2811.6 2547.1 2276.9 2Cb05. 2001.8 1733.4 1484.1 1259.6 1060.6 885.9 734.0 2891.0
EdMHALPY 1-) -9.78 11.06 29.39 46.58 58.11 61.37 74.25 85.33 94.77 102.76 109.45 115.03 5.02
X BAR 4.480 4.423 4.380 4.352 4.341 4.339 4.335 4.333 4. 333 4.333 4.333 4.333 4.438

4.4t80 4.423 4.380 4.352 4.341 4.339 4.3)5 4.333 4.333 4.333 4.333 4.333 4.438
CP 1.0527 .8979 .7393 .6040 .5294 .5121 .4609 .4315 .4103 .3919 .3746 .3592 .9457
IMPUL OPT 134.66 185.63 221.43 243.02 248.80 270.38 287.65 301.60 312.90 322.07 329.51 113.47
IMPUL VAC 214.49 237.58 260.12 274.92 278.98 294.40 306.98 317.24 325.60 332.38 337.86 211.23
EPSILON 1.039 1.506 2.49? 3.806 4.338 7.690 13.779 24.838 44.891 81.123 146.310 1.000

COFPOSITION SHIFTING IMOL/IO0 GM)
52.10 H .0317 .0156 O0C59 .0015 .0003 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0197
79.20 MHN .00CO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-10.00 H-N*C .0068 .0043 .0025 .0013 .0008 .0006 .0002 .0001 .0000 .0000 .0000 .0000 .0049
9.33 H-0 .2008 .1384 .0842 .0422 .0207 .0161 .0044 .0008 .0001 .0000 .0000 .0000 .1564

.00 H2 .1165 .0697 .0342 .0124 .0043 .0029 .0004 .0000 .0000 .0000 .0000 .0000 .0828
40.30 H2-N .OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-57.80 H2-3 2.0105 2.0978 2.1662 2.2118 2.2315 2.2352 2.2439 2.2462 2.2466 2.2466 2.2466 2.2466 2.0733
-1I.04 H3.N .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 N .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
21.65 N-O .0833 .0608 .0416 .0256 .0159 .0135 .0059 .0020 .0006 .0001 .0000 .0000 .0672
8.06 N.02 .0001 .0001 .Oc00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

.00 N2 1.7737 1.7862 1.7968 1.8054 1.8105 1.8118 1.8158 1.8178 1.8186 1.8188 1.8188 1.8188 1.7827
19.50 N2-O .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
59.56 0 .0323 .0188 .oC91 .0033 .0011 .0008 .0001 .0000 .0000 .0000 .0000 .0000 .0225

.00 02 .2241 .2309 .2393 .2490 .2561 .2579 .2638 .2665 .2674 .2677 .2677 .2677 .2288
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PRESSURE PROFILE C080
SYSTEM C-F2-B2h6 PC 1OCC PSIA PE 0.1 PSIA
CCOPCKENT TREF FCRMULA CENSITY HEAT FORM WT. 0/0

EEG K GM/CC IKCAL/FORM.WT.I
OF2 128 0.F2 1-. #3.5 66.0
82H6 180 P2.36 0.085 +2.5C 34.0

EULK CENSITY = .*, GM/CC
FIXTLRE RATIO = 1.941 LP 0XICIZER / LP OF FLEE

PRESSURE PROFILE C41`

CHAMPER ENTRCPY 351.4t EU/iCCOMS

CI-AMEER THROAT

FROIEN EXPANSICN

ESSLRE, PSIA KCOO 398.1 158.5 63.10 25.12 14.70 1C.C0 3.9b1 1.585 .631 .251 .100 550.1
MOP, CEC 9 3663.6 3037.4 2508.7 2063.3 16F8.5 1498.1 1378.C 111G.9 892.8 713.1 566.0 846.5 32U5.3
IFALPY I-) -7.35 31.72 64.C6 9C.72 112.6C 123.43 13C.'5 144.93 156.60 165.96 173.41 179.31 18.88

.63CC .6173 .6052 .5911 .5754 .5660 .55L5 .5428 .5278 .5132 .4997 .8869 .6219
PFL CPT 184.36 249.25 292.09 323.C3 337.31 346.23 363.97 !77.67 388.29 396.55 402.97 150.93
PLL VAC 275.36 R08.84 331.11 351.90 361.d5 368.15 380.83 3Y60.72 398.88 404.4U 809.09 269.69
SILCN 1.059 1.625 2.864 5.323 ?.138 10.152 19.614 38. 158 74.462 185.371 283.433 I.OCC

SHIFTING EXPANSION
ESSLRE, PSIA 1CO0 39b.1 15H.5 63.10 25.12 18.70 IC.Co 3.981 1.585 .631 .251 .ICO 567.8
MP, CEG K 36K6.6 3253.5 2878.2 2512.5 2167.7 1979.6 1851.4 162b.4 1518.6 1421.8 138B.2 1288.7 3407.1

ENTIALPY I-1 -7.35 32.73 67.73 98.17 128.83 137.92 186.68 165.92 183.C0 198.57 212.86 226.10 17.91
k BAR 6.539 6.;86 6.207 6. 153 6.118 6.1CC 6.C86 6.006 5.859 5.718 5.569 5.k26 6.323

N 6.389 6.286 6.207 6.153 6.118 6.100 6.086 6.038 5.973 5.905 5.871 5.843 6.323
CP 1.3136 1.1727 1.OC85 .8592 .76q9 .7420 .731k 2.7605 3.0466 3.2895 6.8023 6.8456 1.2315
rM>LL OPT 186.72 255.57 302.98 338.59 355.89 !66.25 388.25 806.98 423.25 837.69 850.65 148.22
IM'LL VAC 281.81 315.91 387.09 372.45 384.b6 392.85 81C.03 425.68 839.85 852.52 464.03 273.88
EPILC- 1.7C5 1.721 3.159 6.092 9.030 12.020 24.720 53.894 118.903 266.809 608.322 1.000

CCPOCSITION SHIFTING ICL/IOC GM)
132.E. e .CC07 .0CC2 .cC0C .OCO0 .OOcO .0000 .00CC .O000 .Coco .CC00 .0000 .OOO .0003

5.147 E8F 1.2988 1.2839 1.2670 1.2484 1.2261 1.213 S 1.1988 1.1929 1.2180 1.2251 1.1039 .9686 1.2899
-145,or 8.F.C .6856 .7830 .U793 .9690 1.0312 1.0570 1.0586 .9668 .7712 .5732 .4832 .8111 .7853
- 13'3.t8 eF2 .0232 .0171 .0128 .0096 .0068 .COS1 .0039 .0021 .0017 .0012 .0008 .0005 .0192
-27].CC P-FF .CC30 .0C36 .0C52 .0095 .0218 .0349 .C865 .0819 . 1371 .1963 .2623 .3272 .0033
04.7e 8.h .CCCI .0000 .OOCO .0000 .OOCO .0000 .COCO .0000 .000 .0000 .0000 .0000 .0000
-#7.3! E8.8. .2929 .2578 .2148 . 1671 . 1255 .1109 .1058 .0858 .0496 .C29C .0178 .0111 .2728

-13S.32 8.8.02 .0C63 .034C .0290 .0219 .0148 .0118 .0101 .0058 .0023 .0008 .0004 .C002 .0352
63.CC 8.82 .0018 .0007 .002 OcoI 00 .0000 .00CC .COO .OOCO .COO0 .0000 .0000 .001O

-49.CC P.H2.02 .COO0 .0Oco .0000 .0000 .OCO .O00c .CC .Cc 00 .OOOCO .OCO .0000 .Ooo .0000
s.CC e8.8 .CC03 .OCC1 .0O00 .0001 .OOCO .C000 .0001 .0ool .0000 .COO .0000 .0000 .0002

-238.6C e8.83.! .C0C0 .CoCC .0OCO .0OCO .0OCO .COO0 .0000 .0OCO .0000 .0000 .0000 .0000 .0cOC
5.71 P.C .0835 .0478 .0217 .0073 .0017 .0006 .CO03 .Coo1 .0OCO .Co00 .0000 .0000 .0602

-$4.CC 80-2 .CC36 .0021 .OC09 .0003 .0001 .0OO0 .0000 .0000 .0000 .0000 .0000 .0000 .0026
-'11.6C 82.C2 .0116 .0112 .0103 .0089 .0082 .0090 .0108 .0128 .0061 .0030 .0015 .0008 .0118
-211.1C 82.03 .o15 .0O19 .0C22 .0024 .0028 .0035 .0085 .0057 .0023 .0009 .00C5 .0002 .0018
-567.0C e3.F!-c3 .COO0 .Occc .CC00 .OCO0 .COCO .000 .COO .CC69 .0118 .0161 .0212 .0260 .0000

8.86 F .CCII .0CC3 .CO .0000 .OOCO .0000 .Coco .0000 .0000 .0000 .0000 .0000 .0005
-6q.SC F*8 .4035 .3322 .2570 .1798 .1022 .0618 .03b6 .0188 .0102 .0066 .0051 .0040 .3603
-26.1C F.P.C .COCO .CC .OOO .000 .000 .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

32.4C F0 .0C0C OCCO .OCCO .0000 .COCO .0000 .C0co .0000 .COCO .0000 .0000 .0000 .0000
.C0 F2 .CCC0 .0000 .OC0O .0000 .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 C .8876 .2779 .I357 .0589 .0166 .0066 .0031 .0007 .0003 .C001 .0001 .OOCO .3394
9.3. 8.1 .CC38 .0C2 .0C03 .OCO0 .OOCO .C000 .0000 .0000 .0000 .0000 .0000 .0000 .0019

.C0 3-2 3.C011 3.1988 3.3809 3.4608 3.55C9 3.5867 3.6082 3.63C3 3.6525 3.6655 3.6722 3.6762 3.1398
-57.8C H2.e .C086 .0328 .0193 .0093 .0033 .0016 .0009 .0002 .0001 .0000 .0000 .0000 .0387
s9.5e C .CC03 .0001 .0000 .0000 .OOCO .0000 .Co00 .0000 .OOCO .C000 .0000 .0000 .0001

.C0 02 .CCCO .OO00 .OCO0 .0000 .0000 .0000 .0000 .OOCO .0000 .0000 .0000 .0000 .0000
-3o5.34 e2.C!/C .CCCO .000C .0000 .0000 .OOCO .CO00 .00co .0316 .1135 .1871 .2175 .2398 .0000

.CC E8C .CCCO .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0850 .1776 .0000
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"671", 0-12-1216 PC 1CC I'll 81 0.8.P..*
0P166 8614 "OPL 0865ý111 '6* 118 68

LEO P OP/CC 16C60/188P.61.l

C S'6 116661 16 1

ftc; PC/P A PS151 IIPP 8618-ACPV CP CALl 8 CEEAC ((LI I 2 CA I AlT 8ACTý I VAC CF 5"6 CF 260061. 4 RCAL /1100I G1 CEO /VA LI 800 SI' I
8.10 C00.000 1A61.6 1. 35 .610

.0CC ý:1818 55CC621 126:5.3 -1".96 .62 15. I 1 A1.8 .2 26 .0 2 61.5 269.5 6.7 1.23 .6

.0CCC 9.,02 :;.01 230. - . 60 265.0 66. :'.65 M0.1 3111.2 31S5.0 315.E 1.612 1'.6611.CLQ 11.109 Si .2P. 2031 .8 -2.k5q .690 2696.9 38.0 .65812. 12. 3. 32. 19 .562.000 26.S25 57. 161 1669.1 -101.2f 1. 12.6 .PP 11.1 3. 1 6. 61 352 1.59
.10 2119 21.16112. II0.6 . 11 a 92.6 2:.1 1.9 216.1 11. 64 150. 1.56 .111

.0( I l6r 2100 15. -*I ' " :11 .281 .172 327.9 21,.4 1.2V9 314.2 16.9 153..l1 553 :1.511 65
.000 19.58 1.11 166.1 120 .169 8181. 1 25. M.1 3. 638 168 39. .6 .6.0(0 lSt8 1.101626 -o.6 .65 11e.5 26.2 1.128e 16.9 159. 362. 1 1.680

.0 P.66 11. 1 63 121:.62 .56,2 1612. 23.1: 1 4.516 365.5 162.16 365.6 :.693

.10 112.2 1 6.ice 1119. -182.3, .556 1,.1. 21.2 2.161 365'.1 3669.5 01.1
.00 2f.21. 7.W6 1302.; SS'.6 . 55 55.2 70.5 2.60 161.2 371.1 .1722
.0 1*2.10, ?.00, 1286i.1 -1-o21 S02 5.5 89.4q 2,.8131 16. 21 3.1.2

.000 ~ ~ ~ ~ ~ ~ . '9.2 6.0 291-1.3201558.2 1.055 169.5 17663%1
.000 11.5.518 1. 121. '1"'.6 .56 351 ': 1 . '1.2 515.51 1,16. 1.6
.00 CC 51. 3118 5:.22 11 6. -1*06,8 51 15. 16.1, 1.3311 373 8.6.01 2796 681163. -12.06 .5.66 360.5 11.1 !.7C6 112.0 316.4 1.752

.100 261.12 616 1122. .l~12 .581, 582. ':101 1121:.13C. 116
270(0C 216.61 7.86 1101.9 -166.31 .56,2 566 .1 16.1 6.321 3113.i8 31 .2 ;:.765.0CC 21.7 .01!16. -1-6 2S .5*7 1 65.9 16.6 6.556 110.2 16. 179

201 1891 .5 1 06 .7 : 1 .1C II' .916 11.1 1 5, : 1.02 17. 13.6I 1.7r?
.11 77119 2..6 1001 -.. 1 .1 515 1. .5 .1 16. 1.1.92

.000 11.161 2.666 1011.!2 -10.:21 .516 511.2 15.1 '1 15i 115.6 385.5:.39

30.000 661.t9 2.169 966.1 -152.65 .531 373.1 1 6. S.1 76.2 38. 179
.00 662.8S 2.C111 .95. -155.26 .512 51. 1. 112516.1l 36. Z .9
.000 5013.169 1.965 966. :,5.1 C51 5l 60702166 ý,8.6 1.199

.000 52*6;.2 1.98 916.8 -1562 .51 17.011.1 1 .228 116.67P . 588.8 1. ..10 16.5 .1 . .... 52 .6 .16.1 . 53 575.5 11. 1.e33 31. I6. 0

.100 c 596166 3.70 1. - 155 ; .52 "17. 1 3.1: 1:652 390.1 1.606

.00 121.789 1.55 P6.1 - 156.15 .,121 573. 1 *11 , 6.919. 160

.000 700.223 1.621 611.1 - ?57 .52 '79:9 12.1 9.999 398.1 1.816
.000 115.101 1.119 916.5 -15.1 .5:2' 515.6 11,1 ."12,320 1

.000l ;'I5:56 1.2* 81 .6 l'-1 .9 .525 570.1 '12.,6 5.553 39.5 1.

.CC0 628.905 1.205 016.9 -356.66 .52t. 590.9 1U.2 10.C157 991.1 :.62

.10 516919 1.13 e21.0 -1007 .25 91.7 120 .5938. .2

Ito 905.165 1.115 el~ C2. - 1807 .522 420 1161.6 393.6 .2j .8 916 1 -.9 19. -121.6 .58 566 117.; 26.5 1.67C !31.3 le.l 359.0 19. 8.562 8.P67

L11 PCI I II 111A111 1 5366 I 1119. PC '/60'-

010 :I 1.61 57 .15 161 1 -1. 1 121 1*6.2 826.1 :.1221 2 :10. 278.6 271.5 211.. 1.23 8.121
.10 960 115.1 I..b -16.- .905 210.8 50.2 .S I 11..1 120.12.0 361 1.-,17 .6".00 4.66 6120 2115.6 721 .660 581.2 39. .904 143.6 96.8 155.5 157. .5 .1.100 5099 2226 227. -11.8 .79 92. 96.6 1.216 5. 6. 6. .587 8.5
.000 39.06 259 217. -159 .77 93. 16.0 1.13 35. 35. 69. 11. ;1.592 1661

.1(0 2 68.0 2.10 1.11 13. .C 1 2 05. -129.57 .758 !166. 72. 2 1.54k 3i".2 588.8 216.6 3117.0 8.S621 1.306
.00 315 ' 872.21. 89.1 .6 5. 03 .1 5. 6. 118. 388.12 8.05 8.2

.010 !Y12.76 7 6 ý. 2l 691. .1 . 162 356 I2:.' M.9 155.5 876.9 71.6a 8. .0 .

16.000 19.805 72.7.5 1922.8 -1461. 10 151.5 26.1 2.215 151 166.0 517.1 1.752

0 9978 700215.!145 1671.2 26.6 -.65155. 39.8. 1.175

86cc 1-.795 7.4c' 1496. -159.6 36 . e 73.2 56.1 "998. 66. 1.806
2.000 898.066 1'.1 17,11.5 -101 199. 22..9 -.59.9.7 651.1

.1 0 0 2 1 9 9 0 6 1 ? 3 6 5 . 9 -1 .7 1 .5 8 5 8 . 2 2 . 6 .5 2 2 1 5 .1 6 2 .58 . 6

.00 236.538 3.9121 1646C.1 -160.19 7567 2.6 21.1 5.55 .00. 680.3 1.816
.I00 288.*8, 215 881;6-.6 3Il1 559.6 21.5 5.188 M0.8 8. .5
.0(02207 15611. 160 591.8 21.6 8..02 607.7 68.9 1.6

.100 255 *32111. 878 191.5 21. 7.7102062. .6

.001 5211.282 2. 69 567. -178.16 19. 208 7000.9 60?.9 1.21
.000 2!1:.16 216 3562. -719 396.9 20.6 7.1267612 68..7

.000 : '7.1 2.661 1511.1 -878.2 396'1.6 2091.1 - 1. 607.6 68.811 7.883

.016615 2.6 557-165C9.22. .0 0.0 688.0 8.8".00 1.7 2.53 856. -8 1 997.6 20.1 .61:96.'885519
.001 971.56 2.50 1559.6 -175.6 39 94.0 20.0 1.678 606.1 69 . 7.69

4.1(1 666.356 2-E7 1552.7 -1716.78 60.21.1 90. 86 906.5 627. 8.898
*.100 671.586 2.11 86. 7 @:?71 9 600. 795. 7 9.5 5 6.N 06.6 626.6 .9111

.0 69. 27 :.01 1561.6 .87.32 619 3 1 9. 5.1 6 666 C.8 621.5 1.965

*I .000 582.66 1291 860.116.1 601.6 89.5 1e.26 606.9 6220 896

.000 689k9139.06121531.8 -160.19.60.9 79.3 1.46b0160.1 623.2 7.1981

.C0 1!3.141 7.779 1530.9 106 666 1. 088 605.23 123.6 8.097

.000 ,176.2 C112 172 1528.7 -1161.651 666.9 1.79.2 7.085. 66 .2 62. 1.986
56.000 58.9a.0l52. 886 0.1 19.1 87.2050.1 666;.8

9.3 c 8c 68.9 996-3.9 723552. .9 35. 366.3 18. 386. 8.66 7.73ICC 4967 2cý 5,, 83 0l. 1. .?11' 2,:
I1 1:1 I: ý" I k;% 951.. .22 .0
I029 140. 2.



PRESSURE PROFILE CATA
SYSTEP C-F2-R2H6 PC ICCC PSIA PE 0.1 PSIA
CCPPONENT TREF FORMULA CENSITY HEAr FORM WT. C/O

EEG K GM/CC (KCAL/FORM.Wl.)
OF2 12b OeF2 1.53. +3.5 1C.0
02H6 .8O 82eH6 0.45 .2.50 30.0

PULK DENSITY = .884 GM/CC
IXTLRE RATIO 2.333 Le OXMCIIER / LB OF FLEL

PRESSURE PROFILE CATA

CHAMEER ENTRCPY 340.18 EU/ICCGMS

C0-APER THROAT

FROZEN LXPANSICK

PRESSLRE. PSIA 1CC0 398.1 158.5 63.10 25.12 11.70 1C.00 3.981 1.585 .631 .251 100 554.3
TEPP. CEO K 39E8.5 3303.e 2727.2 2242.6 1815.7 1630.0 1894.1 1209.8 973.2 778.1 618.3 888.3 3536.6
ENTI-ALPY (- -7.25 32.92 66.13 93.50 1 15.15 127.08 134.29 19.b1 161.19 17C.E3 178.51 184.60 19.35
CP ,915 .5I0C .57C6 .5581 .5889 .5364 .53(,I .5146 .SOC.5 .P7 1 .741 .4621 .584b
IPIPL OPT 186.42 252.65 296.04 327.38 3l.B !5C.ql 368.90 382.t0 393.60 402.00 80b.53 152.10
IPPLL VAC 279.13 3C8.96 335.56 356.63 366.72 !73.13 I 86.CO 396.06 4C3.91 410.02 414.77 273.40
EPSILCN I.CSE 1.624 2.862 5.322 1.735 10. 155 19.638 38.240 78.690 185.974 284.932 1.OOC

SHIFTING EXPANSION
PRESSLRE, PSIA 1CCO 398.1 15o.5 63.10 25.1? 14.70 1C.00 3.9f,1 1.585 .631 .251 .100 569.5
tEmP. EEG K 3988.5 3575.3 3208.0 2859.9 2533.1 2353.5 2233.1 1979.0 1754.C 1531.5 1419.4 1386.8 3730.1
ENTI-ALPY 1-) -7.25 34.CS 70.37 102.33 130.37 185.03 154.b6 176.25 198.99 211.33 225.70 238.91 18.63
X EAR 6.C34 5..12 5.EC6 5.720 5.652 5.617 5.591 5.522 5.456 5.4C3 5.268 5.154 5.958
S68.034 5.912 5.e06 5.720 5.652 5.617 5.591 5.522 5.456 5.403 5.327 5.258 5.958

CP 1.8922 1.3E64 1.2416 1.0741 .9422 .9259 .9859 .9976 .8925 .8877 8.7728 8.7811 1.4324
I'PLL OPT 189.55 259.85 308.75 36.C01 363.98 !75.58 399.58 819.45 836.07 450.17 862.76 150.08
IFPLL VAC 285.95 321.78 358.55 381.7e 395.38 408.28 423.18 839.17 452.54 868.59 415.72 278.09
EPSILCN 1.077 1.737 3.229 6.338 9.502 12.782 20.415 55.355 116.095 255.286 576.569 1.000

COMPOSITION SHIFTING IMCL/100 GM)
122.6C 8 .CC09 .C003 .OCOI .0000 .0OCO .COO0 .COcO .OGO .COCO .0000 .0000 .0000 .0005
-5.87 eF .Se22 .9556 .9289 .9C13 .86S9 .8460 .P241 .761H .6996 .6588 .6512 .6551 .9659

-183.CC E.FPC .7898 .8947 .9962 1.0905 1.17C3 1.2051 1.2235 1.2487 1.2561 1.2363 1.0795 .8861 .8582
-133.88 e.F2 .C299 .0225 .0178 .0181 .0120 .0110 .01C2 .0072 .CO00 .0017 .0010 .0007 .0251
-21C.00 EC f3 .CC40 .OC45 .OC58 .0093 .02CO .C350 .0521 .1107 .1732 .2162 .2598 .3207 .0042

114.7t e0- .CCCI .0000 .OCO0 .0000 .OCO .0000 .CC00 .0000 .0OCO .0000 .0000 .0000 .0000
-417.1! E0-.HC .1933 .1616 .1361 .1028 .0683 .0519 .0828 .0297 .0252 .0269 .0215 .0141 .1782

-1!5.32 a-I-C2 .C383 .0362 .0313 .0240 .0157 .0115 .0092 .0059 .0088 .0037 .0022 .0010 .0378
66.00 .-- 2 .CCO8 .00C3 .OC1 .0000 .0OCO .0000 .0000 .CCO0 .COCO .0000 .0000 .0000 .0005

-45.CC e-H2.02 .CCOCO OCO .OCCO .0000 .0000 .0000 .000C .0000 .COCO .0000 .0000 .0000 .0000
16.CC E8H3 .CC01 .OCO .OCO .0000 .OOCO .0000 .0000 .0000 .C000 .0000 .0000 .0000 .0000

-2!b. 6 C e.1-3. .0000 . 0CCCC .CCO .0CO0 .OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
5.78 8-0 .1068 .C680 .0378 .0165 .0054 .0024 .0013 .0003 .OOCl .0000 .0000 .0000 .0823

-P8.0CC eP2 C .C076 .0C50 .0028 .0012 .OOC .0002 .Cool .0000 .COCO .0000 .0000 .0000 .0060
-111.6C e2-C2 .CC56 .OC9 .0040 .0028 .0017 .0012 .0010 .0007 .0009 .0019 .0019 .0011 .0052
-21C.IC e2-03 .CCl1 .0C12 .0012 .OC l .0oca .0007 .0006 .0005 .0008 .0021 .0020 .0010 .0011
-56?.CC 03.F3.C3 .0CO0 .000 .00 .0000 0OOCO .4000 .COCO .COCO .0002 .0051 .0213 .0259 .0000

18.68 F .CC59 .0023 .OOC8 .00?2 .OOCO .0000 .Coco .0000 .0000 .0000 .0000 .0000 .0038
-8.50C F0- .7829 .6818 .6145 .5446 .8683 .4182 .3671 .2354 .1082 .0301 .0IJ6 .0103 .7062
-26.1C F.-.C .C0CO .0OCC .0C00 .0000 .0OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
!2.4C FP. .CO00 .0OCC .OCO .0000 .OOCO .0000 .0000 .0000 .COCO .0000 Co000 .0000 .0000

.C0 F2 .CCCO .0000 .OCOO .0000 .0OCO .0000 .000C .0000 .0000 .0000 .0000 .0000 .0000
52.1C - .7C54 .5116 .3375 .1931 .0898 .0517 .0336 .0111 .0030 .0005 .0002 .0001 .5851
9.3! -C ,Cl53 .0C65 .0C23 .0C06 .0OCI .Co00 .0000 .0000 .0000 .0000 .0000 .0000 .0093

.0C t-2 2.3197 2.4857 2.6453 2.7910 2.9151 2.9768 3.0175 3.1068 3.1792 3.2196 3.2312 3.2377 2.4215
-57.80 12.0 .C822 .0628 .039 .0272 .0143 .0091 .CC68 .0026 .0009 .0002 .0001 .0000 .0708

t9.5f e .C026 .0008 .0002 .0000 .OOCO OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0013
.CC C2 .CC00 ,COCC .0000 .0C00 .0000 .0000 ,0000 .0000 .0000 .0000 .0000 .0000 .0000

-3CS.38 E2.C!/C 0CCCO .COO0 .0000 .0000 OOCO COC00 .COCO .0000 .0OCO .0000 .0390 .1037 .0000
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882 28 1:23.5 3:.0 30.0

1 6 1 2 . 8~~~~ - 1 . .. . 5 3 3 6 .0 1 2 .5 . 7216 . 6 7 6.16 061.

0502.0'. -013.90 .530' 350.6 221.3 78.0 31.3 0.6"06012: 32 S1.0 -030.76 .5266 152.0 20.0 46
360.3 -06.2 .2 S'S. 20. 1.0 1 3. 3302 0.02

0000 2076 686 26. -36.23 .51 76 .6'': 06.06 .'2 770.0 38 .5 1.062

10.C00 2;.';3 21.605 1266.9 -017.69 .'407 5360.3 07.7 1. 366 I.? 365 307.7 336.51 0.757
0 C 3C.708 6.70022.7 1369.01 .3 36 9. 07. 48 31. 38..065.
0. 200.371 3I.800 1 . ' - 11.5 .933 300.5 1ý :1 03.0 I.0 379.3 380.0 3792

s400 9.663 1C.305 l0I -02 06 .5 30 . 00. 6. 036 30. .7
:! 62 9 5. 6S33. 0 2 2 8 .9 0 3 2.5 0 .0 2 .4 133 .9 3 6 8 . 7

02 3 3 . 2. 0 0 3 3 0.6 -0 5 3.0 6 .5 3 0 3 7 7.5 05. 5.3 25:, , 3 3 0.2 3 0 3.3 0.7 0 9

I- 7 7 . E. 0 3 0 0 7. - 5 .0 5 .5 0 W 74 . 0, . . 6 3 3 . 3 9 . 3. 7 82

06cc 398.039 ;2.50 309 0.9 355 12 .508 37 8. 085. 0.023 3 80.9 3 93.3 3.767

01 902. 5 0.99 003316S 2 .9 -3 32 . 504 37.1 04.2 7 8 380. 393.6 . 9

C6.00 2 6.3; 30 0.03 30302C .0 T-0 59 2 .50 380.6 08 9 3 54e8 . 3 96.93. 0
0 58.7 3.7 002. 1 54 3 .502 85I. 03. 776 360.7 9.1.0

2:C 8I".00 399 oS 2 :; -360.3 .9'0 362.0 03. 8.69 3986. 3.0
0C i6.369. 0.52 9635.9 -0005.90t .90 315. 03..2 3.060 393.3 3.830

6 C.00 722.773 0.7(3 635. -0 28169 36 26 6 2 9. .635
6.0CC 067.3 373 950 -07.3a .. 96 33.9 02.7, 6.7 39.6 3.83

4600 2605 .23 90.s-960 o?9 380.3 32.1 . " 06.09 390.6 0.623

8.000' C75"o 0.0 9$. 063 66 738 0. 36392.0 1.6923
9.CC' 03.60 3.006 098.30 -38.12 .S90 76. 02. 3039'992 0.2,;

:, .CC, 000.020 3963.5 716.07 .0 2 31. 1. -o9 9.3 IE

3.00 0c.056 53.E50 1.0s.0 -08.92 %0.63 205.0 1308.0 .025 37.30.6 218 20.3 3.3 .2221. 1
C.0 3.25 3098 05.6: :l3 .0 7. 62 6 335 365 39. 3. .3 .68.000C 02.08' 0,: 3327 2760 -98 .9 0. 68 .9 4. 6. 5 .0 5.2 .0 .66,.000 03.6.0 6971 230. -03.8 3.2 2. 2. 96 30S 3.:6. 66.! .9 .3

5.000 11.9.89 37.67 2:63.0 -000I97 363 3. .5 5. 8. 0. 7. .8 .859
Z.00 706.738 205025.92 083 . 6. 3. .5 359.9 365.9 3 1.5 390 3.0 .8

7.00 69.606 20.926 2670. -03.0 33I 366 0;6323 363 7. 0. .0 .136

3300 02.60 9.80223. -5560 378.2 128.6TI 2.926 399. 0.8 3.606

0900 0306 130 200. -00.9 309.7 251 6.2 3001635. 3 0 36 . 062 16

22.000 20.905, 653 2087 -7 .8 '5 336.0 L26.0 25.006 . 2 600.21 63.7 3.861 21

2 3 . 0 0 0 20 3 . 2 0 6 . 6 6 9 2 0 2 6 . 0 - 0 2 . 319 . 61 2. 5 5 2 36 3.:3 9 93 . 6
26.000 22.53 665 :63. -0 38 396. 262 169 20.6 6 091.1

25.000 279.383 .4.25 091..? -306. .36 39.9 k26. .6 3. 2..7
26.00 26.657 !!6.05 0961.0 -035.32 339..3 23. I.5 63 .8 2.8 0.0807.04 230!.53 7t.767 0902.0T -336.06 600. 23. 0.7 63. 623," T: SZ . 61 3.686

29.000 276.223 2.08099. -7. 37 602.3 73.3 6.51636. 6 36. 2 : 62 3.6 0.892l

701.000 700.37 2 3.12 t22 1028.3 3 41 606.2 22.C ;. 1 7 0.06 3 606. 962 .9 3.899

:30 0 23 . 5 0 3 . 0 9 0 9 3 8. - 0 6 . 7 6 0 . 2 . 5 1 . 2 9 6 0 9. 2 6 2 3. 6 3. 9 02

77.00 ! :390. 0 2.5 3 180 .8 -36 185.333.60 . 2 3.7 0. 0066.6U3 . 3.936
08.00 60.95;2 2.676 0665.7 -065.00 60. 20.6 .2:ý6.66. 630.6 3.939

7600 6060 2.39 335.9 -306.66, 61C1.5 23.5 0.5 60. 6132.0 3.920

46.000 606.605 2.06 007 -096 0. 20. ?.3 1 0 00:!.0962 6 1.3 63. ;81932

7.0 !26.0 i 90 36201.0 -393.01 160.6 20 5 30.5 60.6 93. 9 A3939
38.00 51 .0 0.6 375. I398.59 605.9 20.4 70.9628 60.6 63..
3906 C 5030 00 379. -39.0 60.6 2.33. 07 607. 616.1196

0CC 38.3 . 18 M 070. -3152.91 606. 2.2 130.380 63.1 93.31
902:C 68.066' 06.1698 233. -05.1 .96 16.033. 23 . 03 ? 6 3 660 336 33239.1.8 .

I CC 2, 'l ý,I , 10 -3:.65- 11



PRESSURE PROFILE CAr*
SYSEPM C-F2-B8H6 PC ICCC PSIA PE 0.1 PSIA
CeoPOfNT TREF FORMULA CENS I19 f;EAT FORM 01. 0/0

tEE K Go/Cc iKCAL/FORP.WT.)
CF2 128 O0F2 .5i +3.5 74.0

021-6 180 82-H6 C.445 *2.5C 26.0

8LfLK CENSIT . 193b GM/CC
PIXTLRE RATIO 2.846 Le CRICIZER LO OF FUEL

PRESSURE PROFILE C0A1

D4AMeER ENTROPY 321.11 EU/1CCGMS

C1-PER ^A E

FROZEN EXPANSION
PRESSLRE, PSIA 1C00 396.1 15b.5 63.10 25. 12 18. Tc IC.C0 3.981 1.585 .631 .251 5 . 51.0
TIMP, CEG K 4296.8 355C.8 2925.4 2801.7 1963.6 1142.5 1591.5 1292.2 1038.8 830.1 659.2 52C.' 1799..
ENTT-ALPY I-) -7.14 33.62 67.25 94.92 117.59 12P.81 1 36.C7 151.C8 163.18 1 72.t8 180.61 08. 7• ?1). 1 1
CF .5510 .5421 .5332 .525C .5113 .5037 .8q98' .4841 .47C9 .4582 .4k6O -. 34i .*454
IMPLL OPT 128.31 254.40 297.98 329.41 383.91 352.9b 371.CI !d4.93 395.?'. 404.15 . 68 I 15.
IPLL VAC 281.09 !10.98 337.64 358.74 368.88 375.25 388.15 39b.21 4C6.06 412.17 A16. Q' 21, .3b
EPSILCN I.C5e 1.620 2.e53 5.29q 7.699 10. IC? 11.537 36.026 74.236 145.010 282.931 I.0C

SHIFTING EXPANSIn•
PRESSLRE. PSIA ICCO 391. 1 l5b.5 63.10 25.12 14.?C IC.Go 3.981 1.5F5 .631 .251 .IC0 10.2
TEPP, CEG K 8296.8 3873.4 !49t-.7 3159.6 2848.4 2668.1 2588.8 226b.4 2080.2 1855.3 1695.3 1545.8 ' 31.,
ENTI-ALPV (-I -7.14 38.87 11.93 108.72 133.75 149.08 159.81 141.99 201.90 219.61 235.50 289.78 1 . •
X OAR 5.692 5.559 5.439 5.332 5.242 5.197 5.16? 5.097 5.018 4.934 8.952 1.781 5.. ,9
K 5.692 5.55S 5.439 5.332 5.242 5. Iq7 5.167 5.097 5.018 4.934 4.852 4.781 S.cI
CP 1.6549 1.57C5 1.4516 1.3019 1.12e0 1.0358 .9871 1.0073 1.184? 1.2995 1.2673 1.1054 1.60:-
IPPLL CPT 191.18 262.28 311.95 350.11 368.65 38C.65 805.63 426.88 888.IS 859.85 472.77 151.15
I|PLL VAC 28b.55 325.O0 358.65 386.92 401.17 810.51 430.27 441.20 461.97 474.93 886.29 20o.50
EPSILCN 1.07M 1.744 3.262 6.460 9.752 13.161 27.2b5 5r.725 12%.165 271.613 5S9.690 1.00C

COMPCSITIOh SHIFTING IPCL/ICC GMI
132.60 C .CCC9 .00CC .CC01 .0000 .00co .0000 .000 .COCO .COCO .00CC .COCO .0000 .0005
-45.41 2.F .6972 .6556 .6180 .5830 .5493 .529k .5138 .8657 .3958 .31•8 .2354 .1653 .6713

-I43.cc e.F1. .8380 .94E8 1.0450 1.1368 1.2169 1.2564 1.2806 1.3216 1.3418 1.3514 1.3562 1.3542 .9038
-1!3.88 .P2 .C323 .0237 .0177 .0137 .0111 .0102 .0096 .CO8 .0068 .C002 .0023 .0011 .0267
-2?C.CC 2.13 .CC01 .CC85 .OC9 .0063 .00S9 .C 17 .0207 .0550 . 1168 .1956 .2748 .3451 .00%4

11.7t .1-• .CCCI .00co .ocC0 .0000 .0OCO .0000 .C0UO .OOCO .0000 .0000 .COCO .0000 .0000
-?7.1I E-1--c .1221 .1073 .090C .0707 .05C8 .0397 .0325 .0191 .011? .0079 .0051 .0044 .1133

-135.32 FP0-C2 .C375 .0375 .0386 .0291 .0216 .0170 .0139 .C080 .C051 .0037 .C030 .0027 .0378
86.CC F 0-2 .CCC3 .000 .0CC I .0000 .00co .0000 .Coc0 .COO0 .0OC .OOCC .Co00 .0000 .0002

-85.C0 E.1-20 . CCCO .CC0 .0000 .0000 .COCO .0000 .COO .00CO .COC0 .0000 .0OO0 .0000 .0000
IE.CC .- F3 .CCO .OCC .0000 .0000 .OOCO .COCO .COCO .COCO .0000 .COCO .0000 .0000 .0000

-232.6C 8.3.0 .000030 .0000 c 060 .0000 .000 0 .0000 .O000 .0000 .COCO .C00C .0000 .0000 .0000
5.78 2.0 .NMI .01t68 .0548 .0300 .0134 .0074 .C046 .0012 .0OC3 .0001 .0000 .0000 .1008

-E2.CC P2.2 .01C2 .0108 .0072 .0080 .0018 .0010 .0006 .0001 .0000 .OOC0 .0000 .0000 .0122
-111.60 E22.2 .CC28 .OC24 .0020 .0014 .00C9 .CC07 .CC05 .0002 .00C .0001 .0001 .0001 .0026
-210.10 82.C3 .CC08 .0oCe .0C09 .0008 .00C6 .0005 .CO0 .0003 .00C2 .CO02 .0002 .0003 .0006
-5t7.0C 23.F13C3 .C0CO .000C .OCC0 .OOL .OOCO .0000 .COOC .0000 .COCO .0000 .C000 .0002 .000u

12.86 F .C22b .0102 .O086 .0017 .00C5 .0002 .0001 .0000 .OOC0 .0000 .0000 .0000 .0147

-68.50 F2- 1.1049 1.0627 1.0228 .9729 .9219 .8903 .8647 .7778 .6412 .4795 .3200 .1792 1.0843
-26.10 Fo1•. .Coo0 .OCO .0000 0000O0 0000 .000 .00 .COCO .COCO .00Co .00co .0000 .0000

32.4C F. .CCO .COCC .0cco .0000 .OOCO .0000 .CCCC .0000 .COCO .OOCC .0000 .0000 .0000
.C0 F2 .CCCO .0000 .Oc0o .0000 .00co .0000 .0000 .0000 .0OO0 .0000 .0000 .0000 .0000

52.10 F .S30 .7519 .5699 .3970 .2445 .1705 .1262 .0546 .0227 .0096 .0038 .0013 .8232
9.33 1ý- .C462 .0246 .0113 .0043 .UC13 .0005 .C003 .COCO .OOCO .0OCO .00co .0000 .0319
.CC F-2 1.5M17 1.7253 1.8756 2.0235 2.1598 2.2306 2.2770 2.3765 2.4712 2.563@ 2.6492 2.7228 1.6680

-57.80 1-2.0 .1132 .0967 .0771 .0566 .0373 .0275 .0213 .0108 .0056 .0030 .0017 .0008 .1036
59.56 C .0188 .CC59 .0020 .0C05 .00C .0000 .0000 .G0O0 .0000 .0000 .00co .00O0 .0087

.00 C2 .C000 .CO0l .OLO0 .0000 .COCO .0000 .Coco .0000 .OOCO .00CO .0000 .0000 .0002
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SVSTEP P42-Ný6 
.L, ..I .CC k 'at" Kf IF FOR.ýLA 1 11 .11, J

L./CC I.CAt/fO.O.O.1
L

F 011h FIPAhS10h

EPS11c% ICiF P PSIA IENP 10,1"L01 CP CIL/ C A AE 1 111 1 11 1 11 . ..I I . ... C, "I
CýC ý C i I C OC. I. , L. 1 .1 CC,. 'I.,

I.LLU ILCL.11C 42VO.. 7 14 SSI

A.Cc .111 5 :111 fll'611:'l 32b.i !99.6 1.491 1.66 1%.CC ;f.ICS 5:.A- 11ka.8 .511 311.1 33.3 .9'01 336.1 3.C.? I.A.. JSC.C I.S211 1.3.

1 0S.CC 9.06 2I.C13 2CCCA .115.71 S12 W. 7 I.S.6 ..0 M.. 14..? 60
26.CI.Ccc t, , . Ib.CC if.tsa :!.VC.! 11o 1.2

Q.CC Isia M.2 ili.i
lC.CC "':c

m , 1.112

c 2 "te., 66C ..J.CC I t.%, s 56C . 5 2C.1 2 POL

%.CC 1.2 IkSb.9 -111.42 .491 16i . S IV.$ .. . .... 1.

I $.CC LIS.% 3 W. 1. 1 .190 16h.. Iq.C N3.4
is 1.6.0% .40 56t - I to.% 3?8.s Je4.e

'I *I CC, C 4.1.6 10.1 ;.?.1 AM I S. ?
I C C ii5.e lb :.43 56ý_, 11.1 ...1 3m,

MCC C I lit 1. 9 -1 , "'. - 1?.5 _ ,

C.6C 1 1,2ý2.. '1510. -C jpm-s
I.LC 1 74.1.! 1 e. 2 Ib2.5- .11 SRI., leq.ý

-Iss.ii ...Q M. I ts.l -.9 iq s
Is.6 -.111 5.2.6 lq;:o

c
1,1(ý C IC !i ;.4q, 14-0 W. R .0. l1b.o ISO t.cts

;l:,LI1 1, -1 2:;1,, ':,1 111 IS:1, ts Ill. I
C.CCC 0.1v It,!.# Iý .111 let 14.1 1.111 1 792
I.C( 1 _.1 M 1. i t..q 4-i
.." 7 ý.VN It :'

:::CC .- ,1 .111,11.61
t I

311.5
I.Ct C (V."? q, I�..

1:2 1.:09

6 I.LC c PCO.11! I.:'I IC 1 !.2 -It.. 190.2 ":Nl

cc.l 1.814
.10 12.ý :CC.k 1.011

Z,
1.6C . ;.C.4 I.t 'It I.s.q ISI.. qei.ý fas.f I.S61 1.61.

M.1 12". .?Zf

1.1.5 Its.* qik.f I.-I. I.Sk.
12.0 41.1 .%;. j

1.'n "'*' , "' , :":" I":',
1.146 1" ::'1. 31C., t.,.

Z 41 i t., It-., I.Fir

L
II.C _Is,

111.41ý1

619.5 1.469

11.C(C .i , 2 .1,( ACC.) '111:21 M.q 21.0
N. I

a "'.2'. ISA 625.6 I..6y
1ý4.cta -.I--
at..Vi I 41I.C .21.1

kill.. 426.1

?..to .. 2 11 lit%.1
.. C it ara.c

'"I", l:.*' I 21.S :.96. .20.1 bjo
.00.S 2..9

: : '. " t, :".:' 1.901
.121.91 433.k 1.910

:11".. 23 2;:l 1 '1.4 : 'I N

;l.CCC 
22.1 ,

:N' "! . 2 kIs.* 1.920
;%.Ccc 

. , 2 2
C iNSIC 21. .0 W.C 422.5 43a.2

W.8 23 422.? blb.q
CC il,

-I.CCC 1 .4 1.924

l.,ccc CC 416.1 22.6 i.C309 %2q.3 43:0 1

.12.2!4 ;..26 PI.S.4
:1 :CC , 'T" .3:" 2' 4' 1.939

CC ý:2 1 2:1 1 141 12,1:1 1.11:6
;1 12 C 1:,",

6%.C 11 '11:1i, c 410.. P2.0 IC.2Ca hbo.6 1.946

0, 11. 121:#0 1 II::S11 622.1:; 44

fe.146 ;.C44 210.9 .;:: , S.

1.99$ 2W.? _M.72 .21.1 21.? 1C
2 4 3

112 21.5 11.115 424.4 441.1 1.9S6
1 1:1 2;:l 1!:2S3C 121 :.11:,l 1:1
3:l S 12 joh.1 31M.. 3 :1

C:C 
..,S

550 I:SS? ?C:O 9 11. 696 26 1 IM.



II

I

PRESSURE PROFILE CATA P 1

SYSTEM O-F2-O216 PC 1000 P51a PE 0.1 PSIA
COPPONEhT TREF FORPULA CENSITY 14ERT FORl WT. 0/0

CEG K GM/CC (KCAL/FORMP.WT.)

aF2 128 60.2 1.53 .3.5 78.0
62146 a80 82.1H6 0.6ks 42.50 22.0

eULK CENSITY - .996 GMo/CC
MIXToRE RATIO A 3.S4 5 LO OXIOIZ1 R / Lft OF FUEL I

PRESSURE PROFILE CATA

CHAMPER ENTROPY 312.34 EU/ICOG0S T

C14AMRER THROAT

FROZEN EXPAhSIkO
PRESSLRE. PSI.• 39E.1 156.5 63.10 25.12 16.70 1C.OO 3.961 1.958 .631 .251 .100 549.7
TEMP. CEC K 6SE5.7 377!.6 3G99.2 2536.9 2060.7 1833.2 1679.C 1355.2 1C?7.2 866.8 686.9 541.0 4040.2
Ehl1ALPO 1-i -1.06 33.75 67.29 94.81 117.29 128.39 135.58 150.38 162.3,1 171.83 179.41 185.40 20.35
CP ."42 .511I .1•6 .b849 .6767 .663 .6632 .6508 .S1j .6266 .6155 .6053 .5037
IMPLL OPT 1;8.38 256.30 297.67 328.07 363.25 352.26 370.07 53;.eK 396.67 602.76 609.16 156.36
IPPUL VAC , -1.0310.66 337.08 357.97 367.95 !76.28 387.01 396.A. 60.64 6 610.63 415.28 275.62
EPSILON 1.9S? 1.615 2.831 5.260 7.633 10.011 19.320 37.5!1 73.166 1&2.615 277.726 1.000

SHIFTING EXPAKSI8N
PRESSLRE, PSA ICCO0 39b.1 15t.5 o3.10 25.12 14.70 10.00 3.Q61 I.St5 .631 .251 .100 571.5
TEMP, CEG K 6501.7 4157.C VAQ.2 346C.7 3130.2 2959.S 2840.3 2512.7 .294.0 2050.2 1841.7 1639.6 6317.!
EK7T14LPY 1-) -7.06 35.15 I 2.52 105.72 135.27 150.96 161.60 I5.02 205.76 224.05 240.23 256.52 19.21
X eAR 5.350 5.212 S.Oo 4.970 w.8s6 4.812 4.775 6.71110 4.638 %.$77 4.SI3 4.157 ? .26b
h 5.350 5.212 5.016 4.i7C 6.866 4.812 6.775 4.i00 4.638 4.577 4.513 1.457 5.265
CP 1.0731 1.7886 1.6677 1.5241 1.3612 1.2565 1.1779 ,q919 .8810 .•73 .9210 .7373 1.6271
IMPUL OPT 191.58 263.09 313.20 .31.86 370.75 383.V2 408.76 430.26 668.38 463.80 477.02 IS1.13
IPPLL OAC 289.36 326.26 360.46 ",9.78 403.95 411.61 434,13 45.66 4666.67 479.29 490.26 281.16
EPSILCN 1.079 1.752 3.268 6-•b 9.930 1MA65S 28.W•3 59.280 126.036 271.05% 582.04S 1.000

COMPOSITION Sm+FIKli IPOL/ICC GPI
1!2.6C e .CCO8 .COCJ .Coo1 .0000 .0000O .00' .i)000 .0000 .0000 .0000 .0000 .0000 .0005
-65.67 8eF .4655 .AC66 .3544 .3089 .2683 .2't4 .2311 .1952 .1566 .1069 .0495 .0097 .6290

-163.0C 1.Fo. .8363 .9425 1.0406 1.1293 1.2088 1.251t 1.2785 1.3373 1.3016 1.6062 1.6132 1.3901 .9018
-133.86 .*F2 .C32b .0222 .0152 .0105 .0075 .006; .0055 .0043 .0035 .0025 .0012 .0003 .0257
-270.OC eF.3 .C008 .0042 .0039 .0039 .0044 .0051 .0059 .0101 .0237 .0598 .1149 .1672 .0064

116.78 8.?6 e.fCo O C OC.0 .0000 .coc0 .0000 .0000 .0000 .0000 .Cooo .0000 .0000 .0000
-67.13 8..h* .0672 .0596 .055 .0429 .0338 .0286 .0266 .0161 .0092 *Oaks .0026 .0010 .0626

-135.32 8.1*42 .0C310 .0368 .0362 .0353 .0319 .0268 .0262 .0190 .C123 .0082 .0075 .0122 .0338
66.OC .*H2 .CCCI .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

-45.CC 0012902 .CCO0 .OCCC .0000 .0coc .OOCO .0000 .0000 .000 .0000 .0000 .0000 .0000 .0000
18.CC 8.13 .COO .000C .0000 .0000 .0000 .Co00 .0000 .0000 .0000 .C000 .0000 .0000 .0000 T

-2!8.6C O*1.03 .COO0 .0oca .0000 .0000 .0oc0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
S.?7 8.0 .1239 .0969 .0674 .0434 .0267 .0165 .0118 .0044 .0012 .0003 .0000 .0000 .1062

-E0.00C e82 .C226 .02C4 .0167 .0121 .0075 .0053 .CO09 .0015 .0006 .0001 .0000 .0000 .0215
-111.6C 82*02 .CO13 cOC11 .0009 .0007 .05 .Cook .0003 .0002 .0001 .0000 .0000 .0000 .0012
-210.10 82@C .3CCOS .0CC6 .0007 .000? .00C6 .0006 .O000 .0004 .0Cec .0002 .0002 .0003 .0006
-567.00 83.F!.O3 CCO0 .0000 .0000 .0000 .0oc0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

18.80 F .0715 .0603 .0208 .0097 .0060 .0023 .0016 .0006 .0001 .0000 .0000 .0000 .051OC
-64.5C FPH 1.4363 1.4424 1.4311 1.6083 1.3796 1.3620 1.3492 1.3170 1.2727 1.1914 1.0790 .9788 1.4b2%
"-26.10 Fat14. .CCO .0OC0 .OCOO .0000 .0oca .0000 .C000 .0000 .0000 .0000 .0000 .0000 .0000

32.AC FeO .C000 .0000 .0000 .0000 .00CO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.CC F2 .0000 .OCCC .0000 .0000 .0000 .000 .0000 .0000 .0000 .COCO .0000 .0000 .0000

52.10 1- 1.0338 .9069 .7647 .6102 .6516 .3621 .3008 .1715 .0792 .0309 .0110 .0020 .9586
9.3! 10 * 1073 .0722 .0438 .0233 .01C6 .0061 .0039 .0011 .0002 .0000 .0000 .0000 .085i
.0CC 12 .9202 I.OC60 1.1066 1.2235 1.3472 1.4108 1.6686 1.5786 1.67l1 1.7501 1.0205 1.8662 .968.

-s?.oC 12*e .1252 .1217 .1136 .1002 .062? .0713 .0628 .0428 .0259 .0160 .0133 .0201 .1236
59.56 C .C648 .0357 .0169 .0067 .0021 .0009 .OOC5 .0001 .0000 .0000 C0000 .0000 .0658

.CC 02 .Cask .OC? .0007 .0002 .OOCI .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0023
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CEO it 03/CC 31068/FP.671.8
88 38 012.53 63.6 78.0

-7993 9*027.0 4 91.3 0 123.10 9

I6.727 .1116

3939 !'iloi 11 29. 1:0 5L0.9 $05.1 31.L595 75* .3

9.C , 4.766 1011.2 37.83 173.
18.2 2":4. 33494 9.93 5 3IM 0.13 367.6 .3 1.790

29.068 '62.7 771 N % 011 .0 9.6432913 1: 379:.6l E. 3 .7;:1 91911
6.9 36. 388.9I8.7!I

29.00 273995 2.9034 226E1.7 -196.56 .71 375.0 75.9 :.,6 33..3.9 3.3
29.000 785.62 2.75 39. -309:.37 .96 35 .3 2 9.599 345 13.6: 391E.2 111 ;3.72
26.0C 0 .0 36E I 2.98 3288.9 -396.09S .905 37C.7 1 .2 5. 0 ~S32 31 $4. 363.6 39ES.E 3.779

3.0 97.8 2.052 3233.6 .139.? .984 17. 3 9. 9 22 .081 382.0 392. 1.E2

"29 ..0 830.133 2.220 3385.03 -353.99 .963 379.9 3 9.9 28.99 582.3 3916 378

39.000 217.02 :279 333. . 80 1 .0 3 .8 .17 38. 39. 3.786:1
CEO 22058.0185 h3.330 3331.0 -163.93 .50 98.9 3. 1? . 77 39.7 396.0, 3.79

37.000 81 2 3.3 3092. -36.0 .999 38. 332 7.8 396.3 1.7%2
7.0C00 82.2" 6 3 .09736.7 -32.99 .928 58C9. 33.0 8.379 1 9.3 3.0

39.000 8 .92e 3. 699 i. 3107 .3 832.93! .493 3 8 . 32 9 8. 3 7 8 . 0
9000 8398 399 06.2 . 4330 .3 38. 32.8 8.973 . 397.7 3.80

9300 3725 :59 09. 36 39 e .7 399 3. .8 3198.1 9.82892.000 392.730 3.388 300.9'-;8..76 :.93 385.9 32.9 9.323 3 98. 9 3.8093.000 78.587 13.303 30386 -38. 92 M . 99 3982:2.:995 398.1 383

9900 2.76 .23 302. -353 .5 387. 32. 2 3003 39..832

1.0 7!0.0 8503.7 7.2.8 3.73

"597.6 38.9813.383 363.7 373.8Is383.6" 386.0 5.637 5.698

C CO 4 NH .14 11 ? b.s .4 368y.: 38.3 2.0936 3309 7 .6 97 390063. 628 3.6
373.0c 33.38 55 2.7 3E. 9003 86.2 3.7761iII:C!Ci 351%.6938 '193 263. 11:.s is : 09 29322 975 3942.8 3.933

3751.0 32.3.2.901 583.9 3909.0 90. 1.70

6 c "s .65I 6.6 ..308 378.9 1 3. 1 .3 36. 3959 930.3 3..0

20.000 2:6!!l 8.03 2699. 13 9 .07 397. 9 27. 1.1 091937 .3 9 1.2 23:862:
III0 7 . 89 589 8 3. 37 .3 3.83 65.2 123.5 9.836 93 .3 92 1 3.7

429.00 0823 9 26232 -30.2 3.020 903.7 26.5s '153, 920.7 3. .9

2900 263.9 3.2 293. -38.9 809 I 7 25. .3 917 93. .

33.000, 794.2e2 3.h e . 166 3 Je.? I d I I"O.23 3O 4 2.. 96 183.6 i. 389 .73 0 93.3 29.F INt 4.0 7.589 929.3 958.2 3.936

39.000 3h273 2.0 2929 -9 .98 ; 938.1 23.6 9.03 1 291 99. 3.999
9.000 39.39 2.12 2933.3 -395. 37 9.4 397.9 23.9 9 .27t8 827..0 992.3 3.19 9156
92.000 921.389 2.373295 . 399 1 .93 , 920. 7.9A 9.75 927.3 "9 3.9939300 92.1t.0620. 13.37 9238.92 3.8 9:7.98 1:9 927.a 11: 999;.3 3 9 .99
89.CC 996.35 2k.293 2399.0 -378M222 2..3.387. 99. 3.14

01.0CC 4.1.3? 16.618 23759.0 -If3 3.259 36. 22.1 80.900 3 80.8I'l 1 --0:n. .7 1 EI
I:1 1 1 1S1 161 1121 1 111 1:3 : I. C. 0. .T
Ija 1 2a 316C.



PRESSURE PROFILE C8A1
SYSTEM C-F2-82H6 PC IOCC PSIA PE 0.1 PSIA
CCPPONEhT TREF FORRULA OENSITY HEAT FORM WT. 0/0

CEG K GO/CC (KCALIFORP.hT.I
OF2 128 0-F2 1.53 #3.5 84.0
8216 180 82.H6 0.445 *2.50 16.0

BULK DENSITY * 1.101 GM/CC

PIXTrRE RATIO * 5.250 LO OXIDIZER / L1 OF FUEL

PRESSURE PROFILE CATA

CHAMBER ENTRCPV 2e6.90 EU/1CCGMS

CIA0FOER THROAT

FROZEN EXPAhSICK
PRESSLRE, PSIA IC00 39b.1 IS.5 63.10 25.12 14.70 1C.CO 3.9b) 1.565 .631 .251 .100 551.4
TEMP. CEG K 4876.1 3986.1 !249.4 264C.5 213?.? 1886.4 1722.5 1380.4 1099.4 870.2 684.8 535.8 4282.1
EhTI-ALPV 1-1 -6.89 32.i5 64.20 90.21 111.30 121.67 128.35 142.04 152.99 161.68 16.54, 173.92 19.50
CP .4421 .4365 .4305 04233 .4152 .b09? .4053 .3919 .384 .3743 .3654 .3574 .4386
IMPFL OPT le4.5! 248.6e 290.63 320.65 334.42 343.00 359.95 372.94 382.94 390.66 396.61 150.94
IPPLL VAC 274.93 303.36 328.66 348.55 358.03 364.01 375.99 385.27 392.45 397.99 402.26 269.66
EPSILCF, 1.055 1.602 2.799 5.159 7.460 9.761 18.723 R6.153 70.003 135.638 262.590 1.000

SHIFTING EXPANSION
PRESSLIE, PSl1 IC0O 398.1 15b.5 63.10 2S.12 14.70 IC.00 3.981 I.Se5 .631 .251 .100 573.1
TEPP, CEG O 4e76.7 4462.9 4C99.0 5773.1 3477.5 3317.3 !206.8 2955.9 2717.2 2479.1 2224.5 1942.7 461.d
EKTI-ALPY I-) -6.b9 33.64 70.13 102.59 131.69 147.25 157.84 181.36 202.53 221.54 238.4? 253.31 18.30
X BAR 4.841 4.7CC 4.569 4.446 4.331 4.261 4.223 4.123 4.034 3.959 3.90N 3.874 4.755
K 4.841 4.7Co 4.569 4.446 4.331 4.267 b.223 4.123 4.034 3.959 3.90. 3.07% 4.755
CP 2.1796 2.1631 2.0836 1.9714 1.8083 1.7545 1.667b 1.4911 1.2419 .9405 .669' .4945 2.176"
IPPLL OPT 188.2k 258.e4 308.61 347.21 366.18 478.56 404.68 426.83 44S.78 462.01 475.7? 148.03
IPPL VAC 26&.5E !21.40 355.61 384.72 399.60 409.49 430.72 449.C3 464.01 478.26 489.45 Vol.3ý
EPSILC. I.CeI 1.763 3.328 6.670 10.160 13.811 29.217 62.579 134.770 289.048 610.9b4 1.000

COMPOSITION SHIFTING |MOL/1O0 GM)
132.60 e .CC04 .0C1) .0coo .0000 .0OCO .COO0 .C000 .0000 .00CC .COCO .0000 .00OO .0002
-kS.47 .7F .2336 .156 .1.k9 .0813 .0495 .CJ58 .0260 .0150 .0077 .0037 .0016 .0005 .1979
-143.CC E*F.C .7438 .8312 .9056 .9644 1.0061 1.0231 1.0324 1.0471 1.0556 1.06425 I.J697 1.0740 .7980
-133.84 eF2 .C336 .0209 .0121 .0064 .0032 .0021 .0015 .0007 .0003 .0001 .0001 .0000 .0254
-270.0C e8F3 .CC?7 .0C .0044 .0031 .0021 .0017 .0014 .0010 .COC8 .0008 .0011 .C026 .0061
114.7t Bo. .CCCO CCCC .CO0 .000 .0000 .0000 .0000 .0000 .OCO .000C .0000 .0000 .0000
-47.11! eshoC .CI73 .0139 .0111 .0087 .0066 .0056 .004q .004 .0022 .0014 .0007 .0003 .0152

-135.32 eome2 .CI48 .0172 .0203 .0246 .0306 .0348 .0382 .0471 .0566 .0653 .0714 .0743 .0162
66.0C 8e.2 .Coo0 .00Co .OCO0 .O00c .0000 .COCO .0000 .OOCO .0000 .0000 .0000 .0000 .0000

-45.CC e82*O2 .CCOC .CCCC .0•00 .0coo .OOCO .0000 .0000 .00CO .O0O0 .CO00 .OOCO .0000 .0000
le.cc E8H3 .coco .0oc0 .Ocoo .0000 .OOCO .0000 .00co .0000 .0000 .0oc0 .0000 .0000 .0000

-238.60 8.1,!03 .CCCO .00co .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .oo0O .0000
5.74 Bee .0773 .0612 .0464 .0332 .0221 .0168 .0135 .C00S .0036 .0014 .0003 .0000 .0675

-E4.CC 8.02 .0263 .0287 .0310 .0331 .0306 .0349 .0346 .0327 .0276 .0191 .0094 .0026 .0278
-111.6c e2.2 .CCC03 .002 00I .0001 .0001 .0001 ,0000 .0000 .0000 .0000 .0000 .0000 .0002
-210.1C e2.0! .0002 .0002 .0C03 .0003 .0004 .COO4 .0005 .0005 .0006 .0007 .0007 .0007 .0002
-567.0C e3*F.703 .COO0 .0000 .0c0 .0000 .OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

18.86 F .2763 .1958 .1313 .0823 .0461 .0339 .0259 .0127 .0054 .0018 .OOU4 .0000 .2258
-64.S Fo*1 1.7669 1.0%07 1.9129 1.9608 1.9947 2.0090 2.0173 2.0317 2.0393 2.0404 2.0361 2.0286 1.8185
-26.10 F*H*C .CO00 .COCO .0C00 .0000 .0OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

32.4C F*. .COl .0000 .000 .0000 .OOCO .0OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0C F2 .CCO .CCO .000 .OCOO .OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 I .7715 .7CSO .6364 .5604 .4763 .k244 .3663 .2945 .2057 .1241 .0563 .0153 .7320
9.3! 1.0 .1926 .1688 .147S .1280 .IOro .0976 .0890 .0674 .0446 .0233 .0078 .0013 .1779

.0C P2 .2709 .2617 .2715 .2782 .2872 .2926 .2962 .3037 .3104 .3203 .3358 .3197 .2691
-57.81C 120 .0ell .0b16 .0980 .1142 .1378 .1553 .1696 .2079 .2490 .2861 .3116 .3240 .0847
59.56 0 .2921 .2392 .189? .1440 .1031 .0818 .0616 .0392 .0183 .0058 .0009 .0000 .2S90

.CC C2 .0339 .0303 .0267 .0233 .0196 .0173 .0155 .0109 .0060 .0021 .0003 .0000 .0317
-170-



.5.5. ....-.... PC 0"C PSI' ME 0103COOPOSEKIEA 18(9FOPUlO CEOSIII 18 PEAFOR 115.T0
CEr, 8 CM/CL 7%8IF 7O.)

772 2 187 53 .135LF 8810.6.0
92.0 I 1 8.08 0.88 A .2.s0 58.0

(58 STA -o92Y.4 99/IEC
1055008 PCUP A 9578 'EMP E8CI 0JLP7l 1 CO 18 I III CEIIAIC (EIItI IE SI I178 8 F LEOOP80

CEO. ""CL/CO LF V(IP 11.(143 14()C IL
I .CCC 1100.000 A830.7 8.09 .871.2

1.0C .08 3780 802) 1910.89 190.9 118.7 .21S 286.1 2734938.?.2101.3

0.00 1)5.311 56.275 02SY.19 2.923. .80tA 9 3 1.0 2. 1 .'2, 38.95. 5. .
9.0CC 98 11 2 33! 77 .8.-120.0 .407 109.6521.0 .9@02 .1852.8 359.0 .182.3 2 1.803

71.000 '1902 $02. 108. 2114-.7.024: 1S4 2. 102

GIG0C 203.900 8c.978 173.? -711.03 "29. 15. 171 2.0 9 8. 37. ,.73

1700 21.1 .2 18162 -18.2 38 35. 10.7 c 3549 s 14 . 1 818. 4 5. 1 .799

22.00 37.70 .737 19. -78. 47 . 95 883. 15.0 1.9 37.3 1. .
03.000 38.1 7.980 1293.7 .18.7 .1097 98. 18. 5.2 37. 37. 1.8

2800 1c 1 '.787 7207.8 .18;8." .497 905.3 18 5:049 770.0 37.51 1.788
2500 731221515..8 -71 .39 8.15 18. 9.0926 371.0 3 700. 1 .7F7

28.000 800.007 2.883 1 22.9 -78.0 3 .32i 988.9 781 9. 701. 300.9 A0
I20 31:13 89.5 12.7 1207.1 -187.00 .lo 0. 3. .5 371.5 31.7.7

2000 85259 .15 1"1 .150.1"8 .3 I 88. 03.3 71 Ill. 303.9 1.71I100 I )7.807 7.92 75.-71¾. 9797231 1978 377.7 30.1s.0

C3I0 9 1 1 2 7.151 12 8 - 5.. 2 90 1 71 .9 72:1 .9 -. 023 071 93 8.7 1.71.,
,80 93.19,1 7.72 6 12.2 -720 .35 .. 37. 72.8 7.787 177.98 178.1 1 .76b

I.0 80.00 1 .5 177. -129 .9 1 972.8. 13.5 7.87s089 5.8

99.000 '70.6 10 7..782 1070.8 -15.0 .193 77. 120 8. 38829 .9
80.000 71~t91.80 A.1s 7cc. -1.9 'a. 17.. 77.98 887 30.5 1 .7?95

8700 70.53 7I7 702. A1 I.8. 177.7 112.7 8.90.18. 179
;2.0C I 0.8 7.272 10. -1" .7? . 382.0 975.. 77.8 s2 7,7 307.7 5.79

88.00 9887 1.11570. -7: 7. . 110 - 17. 77 2 " 709381 1.083?:

89.000 502.00 7.7 87 5 -5.9 . 7. 1 0.9 12 .78,1239. 18

90.000 7070.595 5090. 19 . .179 979.2l 1081187390 097I:C `J37 1?1 l!. I
7.800,: 0708 7835 7988-.8 80788 30180 3. 8.0355380 .5 .8
,477719 N0P"8517I

2C.000 7.907 12.997 802.2 -775.51 2.0 7. 8 ¶7. .90 1 328. 828. 12. 3 .88 05.77
3.000 18.813 05.68 016 9 -59.00 .I I ;. 1.69C028 883 .89 380.8, .387.8 38. 350.9 1.521 1.567

8.000 20.778 .0.272 389.0 -770.73 1.537 0301 839 90 50835.732. 380 .571.2

9.000, ?1.If 7 12.1075 3382.2 -729 1T. 79 307.0 8.5 2 21 385. 97.: 920 355 908 3.787,
70.000 88.778 18.595 3319.1 -188.81 910.C75 1 38. 33. 2.79q 18.2 570.S14395.3 399.7 1.830 5.70
1.00 7527 77.738 U 28..2 -15.0! ;.93t 389.51 23.7 2.885 178.9 190.0 so02.2 1.797
72.000 039I 11.907I -3250 0 -2 -133.0 1 1 3! 877. 320: 2 "9 397. 80. 805. 9.8)0I,:, 1

78.000 21i7201 19 1.1'1 322 2 - :15919 :121 378.1 30..8 '.1-3 65 808. 9 3 8C3.91 e 9.62 31.?2
15.C00 -1a..29 15.007 37.7c -00.50 1.809 0 1.7 90.37.988 IN081.93ta 873091

1800 70.50 729 3517 52.9 .88.9.1 29.0 2 7.990 807.1,,20 873.9 1088800 ;0.222 17.175 31352.0 -10.80 989 903 2. .3 0. ). .5

10.000 70.015 7i.782 3777.8 -1883.50 1.828 108.8 29.0 8.08 8)0.5 897.8 "5.08
7900 18:.1,42 98121l 30s7. 1 O0 7.87 390. 00,.7 8.29 917.8 888. 01. 1.072*
20.00 1798 5 19.25 300. -1@.78 1.659 392 .8 20.3 8.152 872. 82. 1:8.072.0 78.0929 1 5 ' 913. -171.7 18 7 3 3. 20.0 8.78 8 3. 81 9.00

22.000' 179.551 5.500 7080.81 .172.81 1.578 395.81 27.7 .967. 2. .9

23.000l 19:171 .281 3077.7 -7786.772 1.58 998. 27. 92.2 1 :11 87. 828.3 1.87'8

21.0cc 0.9.1 5.786P 3001.8. -1778.7561 .58 9997 3 2. 88517. 828.:90
10.000 279.725 8.55) 2953.8 -1172.5 1.50 81 .911 28.7 1.8 ). 2. 1.:911 4

27.000,6 229.578 I.5 290 .3 - 1790 1.1 80. 28.5 8.0707 .382 0 1.818
28.000 279.308*1796 2989.8 -180.10 1.50 803. 2*. 0.9U) 2. .1
29.000 289.0051 8.075 2939.9 .181787.899 808.8 28.) 8.890 878. 830.9 9.923

30.000I 209.08 7.989e 2987.8 -82.18 1.8B9 805.5 25.9 0.27 81. 818 27
71.000 231.082 7.889 2936.9 -783.10 1.:811 80.8 25.71 8.8 82. 832. 1.931

33.000 283.876 .01970 -8.91.8 0. 58 7.8 1. 3. .3

78.000 309.108 3278 2907.9 -165.7e1 .I -82 809.8 05.b2 7.8732.5 83. 1:982

75.0001 3101812 19.759 2090. -108.1 1.8 8192 1.0 7.2 21.2 3. .8
77.000~ 37.81.9320. .182 9.81882.01 28.7 A:1.80 22.8 830.7 .5

3000 0139 .002072. -909.691 3.887 872.0 28.8.88 822.8 837. 5.918
9900 930) 278 20882 -90.8 3.80 8). 2A 0.00 82. 830. 5.9580.100 778.787 2.880 20702 -108 8.0'9. :8. '.2 2. 3. .8

c70c 30.8 2.80Se 208o.5 -191.09 1.391 8)5. 0 28.2 9.3518 823.3 839.2 1.983
83.0 00 9.789 2.592 2081.0 -191.77 13.305 8)5.7 28.81 5:593 435 83.".8

03.00 80.00 288 203 3. -19.8 I .97 ) 3 841 . 0 .88236 87 . 0. 5.8" ".10 8 .57 2.37 32 .81-93.00 1.310 17.)?1 23.9 30.010870 88. .7III.010 A I3.C 2.0 07.4 58.813C 1. 23. 90.2081 423.9 88. 1.873
88.000c 888.257 2.1289 2070.0 -98.2 15.35 8)9.3 22.8 11.517 82. 882.1 1.972
87.000b 85.877 12791 2905.9 -19.8.91 * 38 819.0 32.51 90.788 8282 883.5:C 1.977

70.000 891.119 2.036 3700.7 -19:.58 1.3327 820.7 23.2 11.4112 828. 8. .0
10.100 88.080 18.696 3377.3 -187.29 .I *75 388.2 93$.8 2.378 388.2 378.2 399.7 399.8 1.5 1.3 I*785



PRESSURE PROFILE DATA
SYSTEM O-F2-B2H6 PC 800 PSIA PE 0.1 PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM MT. O/0

DEG K GM/CC 4KCAL/FHRM.MT.)
OF2 126 O*FZ 1.53 *3.S 74.0
BZH6 1t0 B2*H6 0.445 Z.90 26.0

BULK DENSITY - .936 GM/CC
MIXTURE RATIO - 2.646 LB OXIDIZER I L6 OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 340.86 EU/bOOGMS

CHAMBER THRBAT

FROZEN EXPANSION
PKESSUREs PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.673 t.623 .460 .265 .119 .050 165.2
TEMP. DEG K 4061.8 3377.0 2799.5 2313.2 2113.3 1904.1 1S60.4 1272.1 1031.4 031.8 667.1 532.1 3579.6
ENTHALPY 1-) -7.14 30.19 61.19 86.86 97.26 108.02 12S.41 139.62 191.16 160.13 160.04 174.06 19.21
CP .5492 .S07 .5324 .5226 .5176 .5117 .4997 .4862 .4740 .4622 .4907 .4401 .5435
IMPUL OPT 180.23 243.02 285.97 301.37 316.S3 339.58 357.32 371.12 361.92 390.39 397.03 151.40
IMPUL VAC 274.54 301.62 326.68 336.67 346.61 362.71 37S.24 38S.11 392.88 396.99 403.78 270.41
EPSILON 1.042 1.923 2.562 3.334 4.947 6.289 19.329 28.963 53.422 100.050 167.291 1.000

SHIFTING EXPANSION
PRESSURE9 PSIA 300.0 121.7 S2.66 22.06 14.?0 9.244 3.873 1.623 .660 .26S .119 .010 171.5
TEMP. DEG K 4061.8 3709.4 3394.2 3107.6 2961.5 2841.5 2506.0 2334.6 2096.4 1905.2 1749.6 1614.S 3830.6
ENTHALPY 1-) -7.14 31.46 69.91 96.77 110.06 124.43 149.23 171.36 191.02 206.SI 224.25 236.50 16.16
X BAR 5.522 5.661 9.SS1 S.434 9.364 1.330 S.242 5.169 S.102 5.026 4.944 4.666 5.730
N 5.822 5.681 5.551 S.434 S.384 S.330 S.242 5.169 S.102 5.026 4.944 4.666 5.730
CP 1.973S 1.6671 1.7665 1.6061 1.9170 1.4042 1.1797 1.0016 1.0329 1.2544 1.3971 1.3771 1.9224
IMPUL OPT 183.26 252.11 300.66 319.32 336.33 366.63 394.07 415.20 433.14 448.66 462.27 148.36
IMPUL VAC 282.67 316.72 349.22 362.76 377.03 400.60 420.14 437.50 492.26 465.33 476.97 276.27
EPSILON 1.060 1.604 2.951 3.96S 5.613 10.999 21.875 43.964 89.963 187.276 393.962 1.000

COMPOSITION SHIFTING iNOL/1O0 GM)
132.60 B .0006 .0003 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0004
-49.47 B*F .6874 .6477 .6136 .5639 .5711 .SS73 .5327 .S066 .46S9 .4003 .3231 .2468 .6611
-143.00 BoFoO .8760 .9737 1.0637 1.1448 1.1792 1.21SS 1.2739 1.3172 1.3429 1.3545 1.3598 1.3626 .9397
-133.84 BF2 .020S .0151 .0114 .0008 .0079 .0071 .0061 .0056 .00S2 .0041 .0020 .0016 .0168
-210.00 BOF3 .0024 .0024 .002S .0029 .0033 .0040 .0069 .0163 .0471 .1090 .1854 .2618 .0024
114.76 8.H .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-47.13 8*HeO .1000 .0693 .0767 .062S .0S6 .0476 .0329 .0201 .0114 .0069 .0047 .0034 .0933

-135.32 B'He02 .0317 .0317 .0296 .025S .0231 .0200 .0137 .0081 .0044 .0027 .0019 .0016 .0320
66.00 BOH2 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

-41.00 BeH2eO2 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.00 6*H3 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-236.60 S*H3603 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
S.74 Bo0 .1375 .1001 .0671 .0405 .030D .0212 .0069 .0028 .0007 .0002 .0001 .0000 .1131

-64.00 8602 .0159 .0124 .0067 .0053 .0040 .0027 .0011 .0003 .0001 .0000 .0000 .0000 .0137
-111.&0 82*02 .0022 .0019 .OO06 .0012 .0010 .0006 .000 .0002 .0001 .0001 .0000 .0000 .0020
-210.10 82.03 .0007 .0007 .0007 .0007 .0006 .0006 .0004 .0002 .0001 .0001 .0001 .0001 .0007
967.00 030F3,03 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
13.86 F .0239 .0121 .0057 .0024 .0016 .0009 .0003 .0001 .0000 .0000 .0000 .0000 .01S6

-64.50 FPH 1.1092 1.0699 1.0275 .9633 .9631 .9409 .9010 .856? .7602 .6S06 .49S9 .3426 1.0836
-26.10 FeHoB .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
32.40 FPO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 H 1.1562 .9624 .74SO .5738 .4800 .3949 .2389 .1194 .0498 .0208 .0091 .0039 1.0326
9.33 M00 .0443 .0250 .0126 .009S .0036 .0020 .0006 .0001 .0000 .0000 .0000 .0000 .0311

.00 H2 1.9069 1.6464 1.7999 1.9'19 2.0076 2.0793 2.2014 2.3028 2.3064 2.4736 2.S999 2.6405 1.5967
-97.60 H200 .0914 .0795 .0691 .0499 .0429 .0391 .0221 .0120 .0058 .0030 .0016 .0009 .0040
99.56 0 .0167 .0062 .0031 .0010 0005 .0002 .0000 .0000 .0000 .000 .0000 .0000 .0112

.00 02 .0004 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002
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1TS7IN O-P3-11I04 PC 0II0 I02 P00. P

010 0 641CC (OCALI9000.01. I"
021. 2 P 1.339 43.0 14.0

1134.3 ' -14.1 .006 3GO . 30.0 I4.w100 W
10.0 0 49. 1 0.96 .0 3.0 . .0
0076.0 1140 .a0 00.I39.0 0.A91., -02:1.0 4 .. I4. ...1 0.6 333.0-a S 182 122

.. 000.6 -1b0.0 .404 14. ".0 1 21. : 30.":ON00 J".:11 6.0.3 14.0.0 -13..3 .9 340.4 *0. 0.219 - - 3 .1 00.4 1, o .70
0.000 16 ~~ l:f 6,C 1 t:U NO t?: 16"? 3 'o i1..I: - Ii.: 1~~:013 . 0 3:., 1.2.0 1 1.iO;8

300.06 316.2 1.616
000 ~ ~ ~ ~ ~ ~ 30. 313.0Ll6j:116:,1 !10 ,26 'a. .7 1.616

09.000 61,233.6 6.0 4,37 -0.0 .46 339 0. 3. 1. .0
20.000 16.406 1 610 103. -04.0 .000, .34 3.1 00. 1 40139. 01

UON.040 2.1 " ..0240 1144.3 -14.39 .411 30.6 1.3 14.34I'l. 360.' 1.81;7
6600 31.410 2.906 1160.? -144.00 .4196 3411: 13.1: 1:.21133 . 366.3 1.704
*300 1111 *.:01 , 6 109 -191.44 0. 1.1. 10.791 346. 0.701:

160.00 390.N" .120 0304. 09. 9 2 . 10 64. 19. S0303. .1
"69.00 1406.:629 .014 1024:0 -0. 4 .14 $3104 63.0 00.410 03 .

6100 40.00) .3000.32 -0. 3 :.1 7. 431.1 0. .1
2000 4069 .0300. 000 44 301 1. 060304.0 0.100
1*0* ",0 ::: 99 .43 301I 073. 300.0 0701

31.0N0 49.3 .000 100.1 -10060 so 1 3:16. 1316.4330. .0
36.000 060.200 L.940 92,1.11 1.1230 3.41 313.3 00 1.0 3.61 360.7 ?450
to. 000 94130.3 1.200 9IN, 1306 .1 1. 0. 390 0. .

4.00 00 04 .1o0 M7.9 -039 .1 3 14.4 03.0 60.7 301. 073

3000 "1.6 I 40 90,, 3" 1 -004.:0 :470 310.4 606.4 0. .
31. 000 041.303 .40 . 0 44. -00, .49 37. 12. 6.30 300. NN,30.000 040.04 .400 990.0 .09.1 .40*9 030.4 0600.1230. .
39.000 09LS0.11 .44 916 .0 9 .0 14. 06. 16,105 381.3 1.,0

as90 30401 4112909. -190.40 4 0 3171. 3063*.2 0 1.09.01 .067
as a"00 14. 30 .03 01A .4 0 00 4 3 31. 20 2.9 309.4 0.00
143. 000 3110.30 .39 90.W 1 0 .0 310.1 06 .0 3. 16339.0 0.0

26.000 1940.93S 7 00. -010 . 40 .310 4.9 10.9 1 MN03 39. 1.7,0

2:40.000 040.030 .630 0026.1 .130.17 .404 319.2 00136. 0 390.92 .1 0.1009

0101 -1 1 1 .-73000 311. 0001 2L . 0176
0.00 30.0 4 040.0 101 .1 4 0.970 334. 117

a4.000 33.1:03 ".4 00. 01 .0 . 340. 3.9 44031. 390 0.0
3.s0 461 0.4 610 0. -03.9 0.374 04 9.?41 36333. 0. .

9.S0 I000 ,0 6003.1 lb60 064 0 .0 33 . 2 0671436 3941 0700

11."o0 6.1.30 .13 2050. -14 9.2 3001:46 1.0: 3,11. 1:0110 30 4.0 0. 1. 790
02.90 76.04 3.441 6093.1 -9 .6 37. 0. 0 , 9 30. 403. 0.00
03.000 90.03 3.040 62.1.2 -034.:.09 019..3 30.3 1979 10. 40.Z.
04..0 0CC .71367 .000 2400.3 -016.34 376 0 ?.3 29.3 2000 300 400.0 10.26
03.000 7441.115 6.40 6470.9 -009.09 346 0 .9: "92, 00.3o00' 39. 40.1 0.

00.90 04.90 6.60 204. .000.391 007.4 67. 313. 360 0. 100
630.000 79.31 .9 3 40. -000 09. 6701.31960 40.0 .009

23.000 410*.40-- ..1 M :.1 1 '.U *40. % .. -.~-0 2 11.3.732..0"- -40. .
464.0000 30= 79 1.931 630.0 -014:.3 39. 60.9 1.9 3465.09 1.11"

.0.900 231::4 13431. -004 09. 203 9.1430. 090

40.000 60.33 0.3264.44.:t -07.161'0M.0 64 .1 0.13 460.9 0.900
30.000 W1AIT3 3.10 0663.7 -004.09 . 0461 M.0 2.4 N6.210 192.02 0.913
.30.00 60.040 04.6032 611.3 .101.6 4t 01.4 34.6 23.402 014 3.0 33 2 9.6 3. 1 94 0.909

36.040N 006.09 .99 6600. -606.4 400.0P 60. 64.60 43. I0I.966 1 1C 1 t-

03.00 004.34? 0.000 0611. .03.`14 41 ~Ll G O 01 .0 61. 61 .00 930. 0 0SCoo3.0 3*.00 9 .9 0 :6000.4 0410 9 " 4019 6. 6 65.3 46. 7 2630 1.0 1.903000 1 1.96 - 0 613. -19.0 00. 6 3.3 30. .010. 422 32.0 1.3.21 1
0090 1049.11 0 3502.9 -6004 .0 7 21 40. 34 2743.8.3
31.000 " " 2 30.6 090043.4 -090.0 0. 4 60.2 27..4 4106.0 0.900

3000 313.00 .04 96104. 10 .-0 1.04 406. 6302.0344. .
39000 2 600 .100 260. -30.0 46.a696.0 3. 4

* 100 40. :4 1 a.1310 "60. VIN . 463.3 22.1 0.73 .. 4MA 379.9 1.940
42.0*00 409.04 .14 2002.71 -13290 . 311 400.92 .M 0.91026 4346. 0 6. 0.7900

4390 4044 .9 000 -090.4 404.0 63.0 3.04431 1. 30.0 0.903
44.000 40 .10 .19 ,0900. -000.:9204 400. 6 63.0: 0 041. .

4700 40 .9 .040,I 31: 4 .093.1 0 407.0 30.0 11.9s 439. 0 .3 .90
49000 16143 .9 300452.0 09..00 400.11 30.? 9095 3 4 39. 9 1194
11:00 106:.312 2 . 1.96.0 -157.34 17. 400 .1 10.50 3117 90.0 a.90
3.90 104 1 4. 0 2 900.50 -00.0 a.0 619. 4324,7093 3. 39011 3.0 1 .431 1.

0 1: 41.. ?.1

I600 1 694 2 01J 0 .t s t ,0
I71Z.9



LS

PRESSURE PROFILE DATA
SYSTEM O-F2-B2H6 PC 300 PSIA PE 0.1 PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCAL/FORM.WT.T
OF2 128 O.F2 1.53 *3.S 70.0
B2H6 180 B2.H6 0.44S +2.50 22.0

BULK DENSITY .996 GM/CC
MIXTURE RATIO * 3.549 LB OXIDIZER I LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 325.30 EU/IOOGNS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .660 .285 .119 .050 164.0
TEMP, DFG K 4309.7 3569.6 2949.0 2428.8 2215.0 1993.3 1628.9 1324.5 10?1.2 861.5 669.2 546.4 3782.6
ENTHALPY 1-) -7.04 30.22 61.04 66.47 96.75 101.38 124.50 138.46 149.79 158.92 166.25 172.10 19.SS
CP .5070 .5000 .4928 .4S46 .4602 .4751 .4642 .4S26 .4412 .4303 .4198 .4103 .5022
IMPUL OPT 160.05 243.36 285.22 300.49 315.S0 338.28 355.78 369.37 379.97 388.27 394.71 152.09
IMPUL VAC 274.07 300.03 325.61 335.46 345.46 361.12 373,44 363.12 390.73 396.69 401.35 270.04
EPSILON 1.040 1.516 2.546 3.310 4.S08 8.201 1S.133 28.136 52.506 98.116 183.253 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.673 1.623 .680 .285 .119 0OSO 171.8
TEMP, DEG K 4309.7 3956.4 3639.5 3351.9 3226.0 3088.1 2842.6 2609.3 2380.6 2151.3 1936.6 7?SS.O 4078.8
ENTHALPY I-) -?.04 31.62 66.24 97.35 110.19 125.3S 150.58 173.35 193.82 212.15 228.46 243.00 18.19
X BAR 5.486 5.343 5.211 5.089 5.035 4.9?7 4.875 4.78S 4.710 4.649 4.S92 4.531 5.394

.5.486 5.343 5.211 5.089 5.035 4.9?7 4.875 4.78S 4.710 4.649 4.592 4.S31 S.394
CP 2.2242 2.1333 2.OC9 1.86S3 1.7905 1.7002 1.5080 1.2885 1.0591 .8960 .9340 .9736 2.1688
IMPUL OPT 183.40 252.S0 301.35 320.17 339.37 370.31 396.14 418.01 436.67 452.63 466.39 148.15
!MP~jL VAC 283.05 317.44 350.29 364.03 378.52 402.66 423.39 441.20 456.47 469.62 481.13 276.93
CPSILON 1.061 1.650 2.968 3.994 5.667 11.17? 22.470 45.642 93.020 190.462 394;426 1.000

COMPOSITION SHIFTING IMOL/100 GM)
132.60 8 .0007 .0003 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0004
-45.47 6*F .4S61 .3972 .3464 .3033 .2855 .2667 .2348 .2062 .1796 .1516 .1112 .0572 .4176

-143.00 R*Fe1 .8695 .9669 1.0596 1.1410 1.7?S6 1.2128 1.2753 1.3286 1.3722 1.4044 1.4221 1.4276 .9341
-133.84 8*F2 .0208 .0143 .0098 .0066 .0058 .0049 .0036 .0028 .0023 .0020 .0016 .0009 .0163
-270.00 B8F3 .0027 .0024 .0021 .0020 .0020 .0021 .0024 .0034 .0062 .0157 .0461 .0977 .0025
114.76 B*H .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-47.13 B*HSO .0529 .0476 .0420 .0360 .0330 .0295 .0229 .016S .0107 .0061 .0031 .0016 .0495
-135.32 B*Ho02 .0258 .0285 .0300 .0299 .0292 .0278 .0240 .0187 .0130 .0078 .0047 .0039 .0276

66.00 80HZ .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-45.00 B9H2o02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.00 B*H3 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-238.60 B*H3603 .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
5.74 8#0 .1334 .1047 .0774 .0532 .0433 .0333 .0186 .0088 .0033 .0009 .0002 .0000 .11t0

-b4.00 8*02 .0244 .0225 .0191 .0147 .012S .0101 .0060 .0030 .0011 .0003 .000t .0000 .0234
*111.60 82@02 .0010 .0009 .0007 .0006 .0005 .0004 .0003 .0002 .0001 .0000 .0000 .0000 .0009
'210.10 82.03 .0004 .0005 .0006 .0006 .0006 .0006 .0005 .0004 .0003 .0002 .0001 .0001 .0005
567.00 638F3003 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.86 F .0750 .0441 .0242 .0123 .0088 .0058 .0025 .0009 .0003 .0001 .0000 .0000 .0S38

-64.50 F.H 1.4386 1.4430 1.4328 1.4127 1.4013 L.3877 1.3619 1.337S 1.3137 1.2017 1.2143 1.1092 1.4433
-26.10 FoHeO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
32.40 FeC .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 m 1.2517 1.1209 .9745 .6141 .7358 .6453 .4771 .3193 .1839 .0849 .0326 .0119 1.1699
9.33 H*O .1001 .0705 .0456 .0266 .0198 .0137 .0061 .0022 .0006 .0001 .0000 .0000 .0807

.00 H2 .8513 .9.316 1.0289 1.1400 1.1952 1.2593 1.3795 1.4936 1.5944 1.6772 1.7471 1.8133 .9006
-57.80 HM20 .0918 .0968 .0924 .0041 .0790 .0724 .0582 .0430 .0284 .0163 .0092 .0071 .09?5
59.56 0 .0799 .0468 .0243 .0109 .0071 .0042 .0013 .0003 .0000 .0000 .0000 .0000 .057

.00 02 .0036 .0019 .0009 .0003 .0002 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0024
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SY1766 8-P1-62H6 PC 3o0 P256 660. P5
CmO6p64NT TRIP 963512.0 BINS!?? HEAT PFORM .6/

6206 I00 62000 C..45 I.S.1 22.00

C STAR 91. T/I
EPSILON PC/P P P154 TEMP ksTOOS.P? OP CALl I OP BILVAC 061000 I SEA I A7 I A7 5 V4C CP 000 OP VAC

DIGB ft a 00/600006 BU DG /P LoS. NO60000 SNB LM
.00 300.000 4309.7 7.0* .507

1.000 10.1 0.041 372. -5.0 .00 01.I5. . 1. 24. 3 00. :200 1.203 5.!262

3.00 57.0 7 MA? 7.029 2292.4 -9.0 .4 29.116.0 2.L42 300.2 309.7 326.3 330.9 1.392
2.000 97.210 31049 246. -1.0 .4A 9. 410. 7 6.49 1 3 M.329. 362.7 301.3 1.1,5.6

go )?.17. ... 1.0 0432.:1 :10,3.64 .40 397) 65.4 16.777 314.2 4. 1.7,:
00.30 60.305 2.67 652.1 .29.3 .40 3044.1 a0.0 .263 9. 6 .9

03.00 001.454 6.9006 6354.4 -1.0352 .1 3561 6. .0 0. 7. .0
3532n .467 00i.- 2. 50.69D0.7 320 .2

05.000 66.6 016 0326. -062 .453 3150 7.7 2 0.79N6 33130.3 5.730
00.000 #:0070 3.6.59 02IS.7 -012.19 .12 307.2l 07.3 0.54 1, 3 74. 4 0.736

0 00 6 .$IS 0.30 01273.0 - 4. 76 :41 31 . 64. 071 207: .6 0

69.000 20.10 to04 621. .6 1 . 44 31 2 0060.4 07. 6.49L0.000 27.64 1 .0.002 6205. -5*.6 .51: 342.31 61.6 04.5 3 70? o1. .6 0.75
26.000 297.602 600 01. -07 .47 3'43.4 05. 05I 3742 6.9 0.700
2MO00 357.964 1.9404. -613.19 .450 3441.4 55.2a .6407 3 79.4 670

24000 150.275 1.007 6630.54 -547.12 .4*4 30.2 I 14. 07.4 3 609 6.4
21.00 37S.43 .7913 16.7 -647.02 .443 347.0 64406004.01 6.70

2710002 41.000 .1'I:6"t7 6004.0 -649.06.4 0606.00.0 362.0 0.17411
26.003 5l:Il136.30 .05 021.9 -49.0:1 .46"4. 3. ,0144 30. .170

29.00 50067 .030 003. -3.0 .440349.9t63.0 20.069 303.34 0.776
20.00 .04.97 0 6 0047. -01 0.2:4* 37. 0053.0334.2.6

1010000 56.265 1.090 02035. -6.34 .43 370. 03.2 224934.S6

33.000 .9 S960. -052.33 .436 372.3 0S2 1.92 3.4362 674

0700 0.70 .17197.0 -0ý14.01 .53 374.50.3 26.96 00. 0.793156.000. .05.362 .0910-1.4.3 7. 222.2 6.40, a 6.704
39.000 70065 .42 95.3 -54.2 43 371.3 52.6 26.400 34. .9

400073.4 . 40 4. 9 .650 .43 * 37 t, 02 '.0 .0 367.0 .16.797
'5.000 757.912 !.39 39. -61.14,,l .3 7.0 50019931679 0.9

52007302 130507.6 -655.0 .434 370.5 56.7 20.0564 36. 5.60
23.000 009.330 .37 0 94. -o20 "43 37. 20.9093.7 396.1 5.6051

0s.000 635.002 .329 95.003 .3 377.2 65. 3207 366. .0
41000 680.003 .490 909%.0 -056.14 .433 31.4 06.43277 369.0 010

4700 902.23 .3 2469.6 -0171.44 .432 371.6. 60.2 3.436.2 0.6069
*63.000 93S 4 S 2 039. -16577 :1,1 :.432 376. 50.5 24.020 36.1.0349.000 03.009 . "00 66. -01.0 .43 376.9 60.0 3948 090.3 0.6a,30.000 969S.223 .30 93 67.5 -062 .435 379.4 242 50.03.42t 3560. 0.6104

3.300 210.:041 640. 2 536 - 07 .463 300.3 30. 26.36228 5 30 . 330 .4 33 .1.30 633

5.00 06.740 7.770 0010.6 -064.0926956206447729526921. 7. .3 .6
2,.000 0o!.07 3.0004 09336.37.73 6.,350 272.0 57.3 25.042306 3302. 329.4 0.1465.0

0.14 06. 33.334 7.13 3to. 399.0 5s 3 .780I. 60.0971s 26503.2 -1553.08 0.460373 55. 1 .0 36. 404. 5.60
42 00 46.009 278.6" -056.23 0.439 379.2 331 5.0 9.7 40.%3 .9.6 :0.02

2.0 930 .431 12742.0 -040.03 0.47 3656 30. 56.392ý1 3924405.6 I.6B
2725.0 -020 : 39 364.2 29. 0257 39. 40.8 5.,
2700.2.31 9 -6 4.6 0 0.37 36 . 9.03 39 . 1403.0 0.933
202. -00.4 0.340§' 366: 1.0 326.7 1 53001 3.9 : 46. 1.4
26 4. -0 04.09 0'I I1 :.342 3 90.4 .2 .0 04..40 794 .0 40 . 1.604

23.000 0907.533 039201. -040 I.6 9. 710.0 - 42407 :0.69
29000 2206 5 541 -070.019 6.2531 3997 20.806.9 42.3 6.6

27.000 234.347 10.629.1 -076.69 0.22? 40237.2 20.5 20364: 40. .905
26.000 2*0.319 54.6223 53.0 -90199 5.709 303.4 29.9 2530 30. 1.01 3.4290.2 1. 03 .9059

29.000~ ~~~~~~~~~SA 2.03 55902.-0300.040.2.7 11.0 S- . 40.S091
30.000 X6.0 5.52 2551.1 o -02.9 0.59 501. 25.1 2.4410.0 5.92

33.000 30.2 .91 2464. -06.0 0 .060 411 1 466. 24.9S 21.075 433. 16 6.9a 3 31.
04.000 35.00 .27. -596 5.5 40. 24. 23.033 434.2 0.3
33.000 1324.05 i.925 246.0 -000.53 1.016.3 24. 2006 436. 1.95
07.000 30.4.96 1.60 2447.9 -560.0 0.62o M3 91.9 93260442..46

36.0039.74 .393N.4-08.7 051 452.7'4. 26.2600 4)10.9. .439.000304.63 .61 2435. -36040 0.07 4312.3. 2.9.52,3. .1
40.000 37.0.2 1.707 240.310.0200.6 0.1385 1 450.9 2.7 36.94? I. 1 436. 73. 0.957

44:.002 *23.0 .100 39.4 -692.62 .6.07 457620.5 33.01 4404 696

460009 *9.9 .070427.0 -594.07 1406. 23. 3439 440.4 0.0
47004600 .0.1 15 230. -094.6 40.62.13.7940. 1.9706

30.000 494.770 5. 003 02319.9 -59.291 42. 2311 .7 3714. 43.3 0.97
3o.99 200.504 04.09 324 -05.7 5.90*2.2 43. 2.96S 29233. 356.9 364915.406 0.424

1.000 16 03 1:14 1 1 110 03 1:1.1 369. ll.. 1.1-4a12I ,: : .,, :I12. :o 9 3 '1, 1 i I*Do 4 1 a so MKI
I .00 9. ~ 7 709 -9.? .6 7. 11 9471 06



PRESSURE PROFILE DATA
SYSTEM 0-F2-B2H6 PC 300 PSIA PE 0.1 PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0a0

DEG K GM/CC IKCAL/FORM.WT.)
OF2 126 O*FZ 1.53 +3.5 64.0
826 180 82*H6 0.44S *2.S0 16.0

eULK DENSITY - 1.101 GM/CC
PIXTURE RATIO 5 5.250 LO OXIDIZER / LO OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 296.64 EU/IOOGMS

CHAPBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.673 1.623 .660 .26S .119 .050 163.3
TEMP. DEG K 4568.9 3756.7 3081.1 2519.S 2291.0 2053.1 1665.8 1344.9 1079.9 062.4 665.1 S41.6 3985.8
ENTHALPY I-1 -6.69 28.73 57.98 61.94 91.S7 101.50 111.40 130.26 140.65 146.95 155.57 160.81 16.72
CP .4410 .4359 .4298 .4232 .4194 .4149 .4059 .3962 .3663 .3772 .3689 .3615 .4373
IMPUL OPT 176.03 237.5S 277.99 292.67 307.0? 326.83 345.44 358.26 368.20 37S.94 381.96 149.27
IMPuL VAC 261.61 293.21 316.68 326.26 335.76 3O.S7 362.15 371.19 376.25 383.76 368.04 263.86

.JASILON 1.039 1.507 2.513 3.258 4.424 6.001 14.677 27.121 50.298 93.414 173.463 1.000

SHIFTING EXPANSION
PRESSURE. PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.673 1.623 .680 .285 .119 .050 172.2
TEMP, DEG K 4566.9 4225.3 3916.4 3640.2 3518.4 3385.4 3151.0 2934.7 2732.9 2540.1 2347.6 2141.6 4345.1
ENTHALPY I-) -6.89 30.29 63.76 94.00 107.12 121.37 146.21 168.76 189.28 207.96 224.92 240.26 17.24
X BAR 4.964 4.623 4.692 4.569 4.514 4.452 4.342 4.236 4.142 4.054 3.976 3.919 4.873
N 4.964 4.823 4.692 4.569 4.514 4.452 4.342 4.236 4.142 4.054 3.976 3.919 4.873
CP 2.5622 2.5226 2.4292 2.3045 2.2436 2.1766 2.0469 1.9031 1.7101 1.4432 1.1148 .765S 2.5451
IMPUL OPT 179.83 247.91 296.25 314.93 334.03 364.94 390.90 413.10 432.33 449.07 463.60 144.89
IMPUL VAC 277.81 312.02 344.76 358.52 373.04 397.35 418.41 436.79 452.92 467.0S 479.33 271.24
EPSILON 1.062 1.659 2.998 4.043 5.752 11.406 23.104 47.486 98.534 205.356 426.602 1.000

COMPOSITION SHIFTING IMOL/lO0 GMI
132.60 8 .0003 .0001 .OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002
-45.47 beF .2376 .1798 .1286 .0861 .0696 ,0537 .0314 .0175 .0094 .0050 .0025 .0012 .Z002

-143.00 BeFoO .7593 .8406 .9104 .9662 .9871 1.0067 1.0326 1.0468 1.0S36 1.000 1.0626 1.0691 .8123
-133.84 B*F2 .022? .0143 .0084 .0046 .0034 .0024 .0011 .0005 .0002 .0001 .0001 .0000 .0170
-270.00 R*F3 .0047 .0036 .0027 .0019 .0016 .0013 .0006 .0006 .0004 .0003 .0003 .0004 .0040
114.76 6.H .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-47.13 6*H.o1 .0130 .0106 .0086 .0069 .0062 .0055 .0042 .0031 .0022 .0015 .0010 .0006 .0114

-135.32 6B1.02 .0109 .0126 .0149 .0182 .0202 .0228 .0291 .0367 .0455 .0947 .0632 .0698 .0119
66.00 BH02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-45.00 B14H2e02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.00 8.*3 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-238.60 BOH3*03 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
S.74 60* .0507 .0649 .0504 .0373 .0319 .0262 .0172 ,0OS .0OS9 .0030 .0013 .0004 .0705

-84.00 8*02 .0261 .0286 .0312 .0339 .0352 .0365 .0385 .0390 .0372 .0321 .023S .0130 .0277
-111.60 62.02 .0002 .0001 .0001 .0001 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0002
-210.10 82*03 .0001 .0002 .0002 .0002 .0002 .0003 .0003 .0004 0OOOS .0006 .0006 .0007 .0001
-567.00 A30F3903 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

18.86 F .2931 .2128 .1471 .0961 .0772 .0591 .0342 .0186 .0094 .0043 .0016 .0004 .2403
-64.50 F*1 1.7618 1.8384 1.9002 t.9479 1.9658 1.9631 2.0081 2.0254 2.0367 2.0427 2.0434 2.0393 1.6124
-26.10 F*H.0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 *0000

32.40 FPO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 F2 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 H .9159 .8482 .7?7S .7003 .6614 .6149 .5220 .4252 .3292 .2374 .1522 .0776 .8?30
9.33 H1O .1666 .1492 .1339 .1203 .1143 .1074 .0939 .0787 .0612 .0424 .0240 .0095 .1553

D00 12 .2416 .2412 .2451 .2533 .2582 .2644 .276S ,2873 .2959 .3035 .3138 .329S .2408
-!T.80 H2.0 .0579 .0629 .0709 .0835 .0914 .1023 .1285 .1617 .2003 .2408 .2760 .30S6 .0608

S9.56 0 .3400 .2661 .2351 .1875 .1665 .1436 .1041 .0699 .0420 .0210 .0076 .OOIS .3013
.00 02 .0316 .0291 .0267 .0244 .0233 .0221 0194 .0159 .0116 .0069 .0028 .0006 ,0)00
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350566 0-02-62146 PC goo PSl t . PlCOMPOWINT TRIpP FORMUL 00110150 meal FISH .17.431
000 00CC 111C6L/PUM.6T.l

#F2 126 .12 1. 53 ,!. a4.
GIN6 ISO 062.96 6510 .. 0 11

IPSILON PCUP P SI 7 L 5 PY0P CP CALI I OPT DEOSAC OILVAC I 106 I At I AT I V5C CP 116 CF 0AC

19f. -0.01 61on 0 f

13C 3OC 064.9 MG1."9 .19 11. 51112133. .

1.0 141":: .6 -136.10 .1)9 t9. 161.5
a 000 ,.*,a , 73711. -136.7? .466 35. '!1: s.5 ,2 1 .015 2 : 1:.s
1:00 te020 M64 2105.4 -140.00 .216 327414 3 3.12 .3110 2'. M :3

0:00 2:6 0 9. -9: .38 .4 5 10 2 .6 3 0 .520.
3 , 1:7 08IL1.1 -190.9":a3"N 3"6. 101.0 IN.95

1057. 1191.10 .316 596.6 10.6 1911,
A. 00 1.:1: 1'4 1 2. 1.10:1" : 1. .... 1. 24.5 .2.159 : 4 .3

1.006.q2 46 2ITS9. -114.61 .16 34. I222.2
6.000 ?7.4 101.74t:.2 -103.40 .54 0 .2 12, 19 02. IM5.

.:00 14.706 3 4.8 59.. -10 .14.4 .160 363.42 01.6 24.194 1 74. 5 3.7.
00 102004 .55 67 196.9 -142.31 .36 143. 11.5. 1..6"

3. 4 .00 1. I 2?.070 970 .6

5161 3 44. 11.0 26.491":Do. Sqo I I'.a35921 10:.9 2.190
115. 10. 29.68211* :1

16 0 1024 147 341313.1 1 5 51 .5 106.1 t1.90 547.6 .2
1100 91.32? 1.320 611 -476 5 95.9. 10.4 12.0:62 157. ?.79

6060 99.9 9 1 67. .14.9 .37 34. 1 0. a 39 9376s T165
49000 a'G 1 0:1 '.29 10.6 -13*.54 .552 3:1.,8 0 11.134.4,1360 .

20.000 310 .41.4 .26? 65. 3 -4 .6 aI M.37 5 . 10.41 11.:11 376.2 1.59

23.C Is8 z 701. M9.0S.OC

00 00 100:00 "956. 5.6'2N5J..00. I.74M :072.05434. -1.2 "2 9 14. 15 3 7.9 5. 5. 5. 5. .3 .6
2.00 5.95 15515 115 -7 .9 M.9 25.4.? 9. 13 .91 30. 00.0 33. 1906.5 0.5 7?.S96

'3.0000 9 :::'10 :2.04 153.9 .1941.0 3 8210 253 4. 9 13 .2 0 302.9 32. a4. 4. .2 .6
4.:000 20.12: 14 .902: 3922.6 - 0106 .4 5 30.3: 415,.1:0 1 04. 12. 19 .1 9.0 . 43 027.00 25.04 94 05 357. S 196 a.0 3:5.6 405 3. 295 3 1.0 5.1 1.45
a6.00 14.3340 .6.73 3370.0 -123.00 2.185 03s5. 12. A5.40*9 345 234.1 1.582
Ia.00 0213 7.1 50.606.9 0 '4. 36.6 9.15 7 1 2.5 38. 1.109

'100 9.149 :.97 126. -093.7 2.11 346.6' 15.2 11.4067.2393 .
9.0000 52.76? i 1.04 7 .022. -t0379 2.061 10. 44 6.5497. 39. 075

33.000 S4.263 4.019 1050.6 -14.97O 2.1534 2.0 3 2 .7 26.097 3524 15. 0
,:.00 62.591 3.523 3094.5 -04.2 00 9 0010.01 .1633 336. 1 90 1. 3

3 .000 1a.9 .1 044 -9.2 . 7. 010.7 165.9 340.5 0.644
0500 1301147 2."00 0044.3 -1971704 0.962 070:.0 2.9 10.6947379 90. ."1700 12".40q 2.3 02.0 009 .36090 3.2 91 127.002 3?. 30. .

it.00 016.152 .401 3006.6:1 41 -050. 0 1 0 6.:6 362. 02.1 00:.4436. 41. 165
090001 144.036 2.31 2992. -12.6 0.94 364.2 26. 04.05 5. 40. .65

.25.00 0507 19821 -0 2 2 464.35 0.3 364.6 26. 04.67 590 4.4 1.6M
22000 0.74 .1329. -0 .0 0.94 6.125606.3 58.5 40.0 0.944.000 683.972 1.3 a550s 5.2 194 9. 751.0 1. 1.02510 0 9.001 .30. 9462 3.5 -069.90 .943192. 51W.5 317.90059 .8

2.00110 3732?4 .320.4 390.1. -07.21 .99 3342500.2 42.156 1.,126. 000 620.92 6.19420.9 -07.26 069 346 2. 1 50 420. 094
2600 20.7 .3 655 -1.0 1.66 19. 35. 109.6 42.T.
26000 29134.09 .0.27 2679.3 -145.45 .1.65 395. 2. 4 00.75 423s 1 .5 1.92449.000 2414.754 .29S 2859.1 -17946 .64 6 . 396 . 21.2 21.441 1424.1 1.,090.00 0 4S.2740 275 0669. 1.0 .47 .8 9 0 Sl? 9.4 25.0 3S.10 421.4 0.311

11.2s0 206.414 14.119 26910. -05.01.5? .19 400.4 25.6 21.2"869 730 Sa 4 25.3 1.391 5

95.D00 A0.3 .99 C2259 1060.0 O .1.0 40. 33. 10.303 4O0 6. 0.94
1.0 31.0006 69421. -0.6 0.9 4S . 52 61342. .135.040 3. 19 .42 20 6. . 0. 1 .5-1:: :4 L.40409. 129.0 .5.64 43. 1.06700 32.4 .00 2800 . 362.43 1.6 40.2493.0 3. .5

1:.000 35356 .84 255. -1:.9 .6 40. 452.93. .4
16.000 35.299 83351 9.4S -1650" 0.75 6 408. 24. SO9.55 a5. 19a,
31.00 13:566 60 272.0 6 -085.1 26 '1.1 40 6. 2 4:3 .4, 3 ,30. 4.15 1433.3 1 .42 54
4.000 3 .202,J 1.7902542 "169 0. 47 ' 469. 24.3 1 '1.354 42'10.9 1 ::,
93000 39995 a19 I79. -1 19 6.4 410. 04. 3.10 43. 9.

5.00 150. .7 :0 2545. -067.6 071 41. 4 3 2 193 0439 1.945004520 .104 519 064 0.0 412.2 01.6 336.0 536.6 7 65.000 4'?.'301 .67 25'03.5 -165.00 1.113 426 2. 4544490.92
4600 4105. 45 2151.0 -0269.7 21.70? 50.305 2691. 0 1.96
49.00 4 .93 .4 3254.4 -190.0620.70 1 4. 39150391. .
90.000 570.188 .53 27914 0 .190.511 2:Q91 414.60 23.4 1 5766 41 6.0 .90

L2.0 43 0.404 04.423 0908.5 .01.02 2.044 149 46.0 1.41.95 104.9 36. 103.3 33699 040 .
95 00.1 NO o 1::.9 Is:

isI* 1.9 .t 044 -S.2 .% SS6 M:1.00 N14
I6 1S 0:
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PRtESUPF PROFILE 0D1A
SYSTEM LIQUIC 8IPKUPELLANI -PC IG0C. PSIA
Cu0P1epFN IREF FCRPULA CFKSITY -EAF FUMI il. OIA

SK . ..... ._f0-l KCAL/FQ68.WT.) -__

12P C-.`2 1.S5 *3.S 66.
i9H b5HY9 0.62C *7.I' 54.

eULK CONSIIY * 1.021 rFI/CC

1I1 LRF RATIO = 1.941 11 OXIDIZER / Lf' OF FUEL

PIISSURF PROFILE DATA

LHAPOER ENTRCPY 509.9' FU/IOG S

CHAMtEk 1RaAT

FROZEN kXPAhSI0N
PRESSLRE6 PSIA 1000 398.1 15;.S 63.10 25.12 14.10 10.00 3.911 1.585 .631 .251 .100 5135.I
IEPP, UE K 3944.5 327i.1 210.C 2253.1 1P'.S 1652.d 1500.3 1220.6 981.4 19M.1 b4.4 503.1 5507.3
ENTI-ALPY I-) -F.44 26.1! ,5.F7 19.95 99.77 109.62 116.02 129.21 11.0.02 14.IC 155.6 66l 1 .. 19 14.76
Cf .)217 .5196 .51le .1c19 .4911 .485C .18C1 .46?3 .4549 .442C .42c6 .4156 .5226
I81PUL CPT I_ 1r4.93 ?36.S4 271.5 il06.e2 320.48 3 2'1,1!k . I 359,.99 369.1r4 371.84 3814. 18 142, is
IPPLL VAC 261.3C 2d9. it 314.4d 54.42 144.00 350.1T 362.41 312.01 319.66 3mi.59 59C.20 255.88
EPSILNC 1. Cb 1.62t 2.d75 b.363 - r.811 10.212 19.956 39.057 76.687 150.567295.158 1.000

SIIFTIF.0 I:XFAF.51I -
PFES$LRE, PSIA 1c00 190.1 Ie.5 63.10 ?5.12 14.70 IC.OO 3.98I 1.585 .631 .251 100 T 68.9

E PP, CE* K !944.t 5521.8 3153.4 2804.S 2665.6 2269.2 212f.9 1606.6 1614.2 1501.5 14Il.5 133. 5 1683.1
ENT6ALPY I-) -. 44 271t. 59.15 81. It 111.49 124. 13 132.54 150.4P 165.,1 179.67 192.31 2C4.00 14.25
X EAR S.!59 t.2!! 5.142 5.CC 5.021 5.005 4.995 4.982 4.914 4.806- 4.6r,9 4.569 5.273-
N S.159 5.233 5.142 5.070 5.021 5.003 4.995 4.Y82 4.901 4.956 4.915 4.8R92 5.273
CP 1.2649 1.11N3 I.C400 .88dO .72?4 .65 3 .6011 .5529 1.9661 2.551lb 14.0820 5.472A 1.215o _
IP8L8 OPt 177.21 242. 65 2PM.41 323.C2 339.61 350.22 511.84 389.36 404.5', 417.93 429.91 140.44
IPPLL VAC 267.2k !00.51 531.05 356.15 36P.51 376.47 392.76 400.41 419.97 431.65 442.25 259.99
EPSILCN I.C16 I.M1 3.214 6.216 9.358 12.490 25.015 52.879 116.354 259.9(9 581.211 1.000

COCPOSITICN SHIFTI|NG lCL/I1C GO)
1!2.6C 0 .CC26 ,CCC9 .0003 0C01 .COCO .CCOC .00C0 .000 .COCO .0000 .0000 .OCC0 .0014
-45.41 P*F 1.5151 1.5115 1.5L63 1.5C02 1.4940 1.4905 1.0802 1.4025 1.5155 1.5551 1. 4163 1.3r55 1.5132

-143.OC PoF.c .606? .6190 .1481 .8124 .H6F5 .89i5 .90dl .92A2 .8511 .1.jO .6653 .6007 .6515
.1 !3.E4 eF? .C211 .0144 .0C97 .0065 .00W? .0032 .. 0026 .0015.00il .'01 .0008 .00C6 .0168
-2 0. CC F*13 CC014 .CC13 .00C13 .0C14 CO0IM .C024_ .0032 .001(5 .0195 _ .0459 .091'. .1429 .001.3

114.76 Bo. C0002 CCC I GOCO O -. 000 o cOCO 0,0000 .0000 .0000 .0000 .0000 000c .0000 uO01
-10.13 v.H8C .3011 .2905 .2140 .251u .223? .2050 .1910 .1575 1 1Oil .0554 .0315 .0195 .2954

-1!5.32 e8*.c2 .C296 .C299 .02P1 .0259 .0211 .0181 .015b .0101 .0048 .0018 .OOL9 .0004 .0299
66.OCe082 .CC24 .0C11 .CC04 .0002 .00C1 .C000 .OCC .OOCO .OOCO .COCO .COCO .COCO .0014

-45.C0 ef*82C2 .CCCO .CGCC .C0CO .OCO0 .00C0 .0000 .0000 .0000 .0000 .0000 .OOU .0000 .0000
18.0c e6*8 ,CC02 .0001 ,OCOI .0000 -. 0000 .0000 .0000 __.0000 .0000 -. 000D 0000 .0000 .0001

-23e.6C e *af-* .0O30 .OCCC .00C00 0 .0000 .0000 0000 .0000 .0000 .0000 .COC .0000 .0000 .o00o
5.74 boo .1655 .1144 .0705 .0 365 .014- _ .0068 .0036 .C00_ ,COCI _ .0000 .0.... .000 O0OCO .1335

-P4.OC B.62 .CCSH .cc4c .0C24 .0012 .6004 .0002 .00I .0000 .0000 .0000 .0000 .0000 .004r
199.3C 02 .C000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-111.6C !2,027 ,111 ,0194 .0213 .0255 .0264 .0289 .0314 .0411 .0299 .0123 .0055 .0028 7O18d
-21C.10 82.0' .0011 .CC27 .3OC30 .OC40 .O05S .C067 .0079 .0126 .0094 .C035 .C016 .0008 .0020
-567.0C 83.F!C3 .CCC .0,CO .00C0 .0600 .00C0 .0000 .000 .000d _-.0016 .0038 .001 ,O .0115 .0000
-541.69 3.83.06 .C0000 .COCO .0000 .00U0 .0OCO .0000 .0000 .000. .0000-- .0 0(0..0 -. 0000 .0000 .0000

l1.11 F .CC21 CC000 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .QO( .0011
-64.5C F*8 .. 21`43- .220C .1660 .1148 .0692 .04 69 . 5 -. 010 .0063 .00,11 .0044 U037 .2412
-26.IC F48.C .COO0 .0OCC .0000 .0C00 .COCO .0000 .,000 .0000 .0000 .0000 .0000 .0000 .0000

!2.4C F * .CCO0 .0000 -. 0000 -. 000.0000 .0000 .0000 .0000 .. 0000 . .0000 .0000 .0000 .000
.0C F2 CCOO0 ,0OCC .0000 .0000 .0000 .0000 .0000 .0000 .0000 0COCO .0000 .0000 .0000

52.1 8Co .5424 -. 31!620 -3 - 1~ 3 19 .055 .016ý_ .0 1 b2- 02'j .001r .0003 .0002 .0001 .4424
9.3! P*o .C055 .0C21 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0031

.00 12 I.eII9 1.9361 2.0506 2.1511 2.2131 -2.2100 2.2926 2-063 2.$641 2.3906 2.035* 2.4102 1.8889
-51.8c 82.0 .C305 .022C .0145 .0083 .0039 .0022 .C013 .0003 .0001 .0OC0 .0000 .0000 .0253
59.56 c ,Cpq ,U; .0000 .oocC ,OCo _ .0000 __ 000PSQ_ Coco 00•Q.0,cO .O00.0__. OO0

.CC 02 .C00 COCO .0000 .0000 .0000 . 0000 0 O000 00000 .0000 .0000 .0000 .0000 .0000
34.IC e3 CCOO .0000 OCCO .0000 .0000 . 0000 .0000 .0000 .0000 ,0OCO .0000 .0OCO .000T

-3C5.34 B27e!/C CCOO0 .oOO .0000 .OCO0 .0000 .0000 .0000 .COCO .0529 .1219 .1618 .1862 .0000
.C C / ,00 etCc0 ,OO Oo .0000 A00 0o0 .C000 .00 .00 CCO COCO 0000 .0646 .1315 .0000
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656569 ~ ~ ~ ~ 1 05000sKPEL6 P o. PIA
CtiSPOSKLO h .F FoAPULA 1031TY155 LIs! £93. VI. Us

CE, .K 06/CC I5KCALIFOP.AS.5

EPSILON PC/F p P65* 5t55 E655-35.5 C" CALS I 25OLAC LEA I SEA I Al AC AC £ MA PSC

L,_C -MC-c M . - ___UILis. ~V~ :t

96O .3 I5$5 .0 M562. -I,-.0 .65 3 1 2,1.5 :0.050 1 25. 2S. 1
55. 59. 22.9.6 3 M 42 50 9.6

56.0 I.' 5.0 311 2 ýa.4 2 5 ýl .
1119I1465715 .ý 05.0 51.5 1.5556 1 52. 11. 153.0

1I5. 16. 1. 570 54101 $46

13.2 5.5 909 556 56. 5.09
305.5%, 9 1 1 1 6. *.655 355.9 363.2 1.113

f.056 5696 H14 .7 3.5 19.5 2.55 556.12 36. W I iffiz6

23.I00 I.3 5 5.6 506 -T 9.2 15.03.60 506.5 lAO.? I .59

t.13.0 2.655 51 1.2 , .065 555.0 55017 . 2 351.5 56.6 5.5

05000c PC 2tv .591 5523.5 .60 2 445., 50?.5 .3 3519S .5 5AA.5 W5.5

50.09 049.52 .2 05. 5605 .6 5. 50. '6.5659 10. .9
:UCo I 1.0 " .53 502. 55.5 I05 555. 51. 5.5 55 .0 ;0. .0

56.000 550.525 1.s 02.0. -535.9 .01 o9K. 555 .005.2 350;.5 W653

59.00 15030 w.555 :051.0 -5I~ .65 35., I 5.5 2916.5 1.0 5.5

23s.000 650.52I !.d50 156.. -555.63 ..6% 156.9 52.5 1.556 KS).s 5.5.6

62.00 1 5Ca 0.555 5.025 910.5 -6.5 .KS6 is0. 52. 5. 56651. A~

05.000 25.3 .213 94. -502.05 .052 595:.,5 :6 5/.T.10 319.6 1.02

06C.000 538.825 2.220 955.5 -50255.0 52 562. 11. 189 9.59-30. ,

6.00 565S a.12r 1 .656 103P.0 -102.95- .0S5 5K2.5 651 K. 96 31:Jý82 $0.A 5.K
69.000 555.02* 1.11 1926. -503P.45 .-Sp 56f% 3.2 55 1 .555 3 50. 6.529

29KC ~~q .5 I1. 55.69 0 .S, 201 *ý 5.50 3K.
4.S~N - 5535M.1051,H

1156 OT 59766.9 5556IS

0KGC 60.; 1 K1 9 6,16/0 5 05 LE /51 L1 50000. 5000 1. 1 tI

6.00 515 165.529S9S2.51 -50C.23 5.256 00'.0 61P.5 F.2) 5. 555 29A 26. .5 1.222

51.000 1620 2.5261593.6 -55.5 50 5 1.5 3.9 q.051 35. 56. 3 .2 55. 569 .

50~c.00 9665 5 .63 123.5 -525.52 ..b6 0 2. 1 3 9.3S 11 . 0 IT.. " 56 350.6 E:5.7
5.011 56.535 15.269 5590.5 5259.15 .."9 565.5 25S .6 0 2.55 50f6 .1.36 5 k o 51 .6 O 6.105

52.000 
9

9t55.0 562 550 66 555 2K6 256....3 .5 L, ,. .

53.000 505.555 3.655~~ 2503. -516 356256 2.53 37. 5156 519
56.000C 556.52 5.6 2052. -535.5 650.5LP 25. C.956 55. 559.6A " 11 1A II C 5t4 605IA

550C -5630 .5 55. 5.000 162.512 2 .2 1099590 5. .9

000 55.9 5 2 P 902. 50.0 565. 2 ...6 0 .205 . 390.$ 1 5211.9 J.,606 :
25.000~~~$1. 20.2 6.6 550616.%36. 25 06355 039.0 )1 50 .,55

22.00 25.95 665 5560.2 -M.65 . 111 562% 5.2 25.5 0 J.6.9 3 623 .5. 390.0 .8 I.:54
23.000 229.55 6.95 5565. -1C- 12 -515 56. 25I.5 1.565 5A2. 350 5.59 360
20.000 25; .6. .569 51 . 509.5 350.5 25.2 S.-96 9. 395..6

25.000 25h.003 15.Z6. 59606.2 -1'.550 .6 95 .9 20e. 9 ,: 16920 393?' .0 392..9 5.61 6 9W T

21.0CC 235.62 51.56 5590.9 -552.25" 555.9 120.5 1..15 550.6 390. 5.555r

:20.000 262.96 3.6 56.5 -556.05 55.6 20.9:' 5.9161 380b 2.9 39..51 5.90

5000 I 32.56 5.550 571 . -550.55 5 56.5 59.9 6.5535.5 3?9365 5 S
35.000 T128 r2b .?95 5511.2 -5.22 551. 595 96359. 9. .090
32.000 650.355 2.556 5519.5 -155.9 65. 59. 9.5 3065 391. -

I500 60.9 .6 5520.6 -556.56 9551.5 59.f 3.600 366.2 396.3 5.996

3006 59. 22 2.3 5152.5 -516 55. 59. 3 2 .132 - -
3

21.
9

s
5.000I 393.573 2.500 5 . 514.16 5680.5 5?3.5 5.559 30.A9..0

5602 605.95 2.569 5 166. 5 690. 59.5 21 04 1536.5 390.0 1. 8 41

-4 0c 22 i:! 114~; 1:- 1 1ý~j 4jjji :11.S::s i!:.1 39 . 1.8I6:0idi --- _ _ _

5610.5 -16.1 1.821,,U2111
.605 639. 28.9e 3.906 359. 311.3 1 1;s 361 is6 .5I,".

ae~cc, M E. 41.10 20.1 .95 ".3.,aIC t Ar29 .21 ,02 :''J1 II.I P. .1 .S Is.9
I .c 2 1 T7 ;. 1111 111 39 o



PRFSSUIE PROFILE CATA
SYSTE- LIl.UIC BIPROPELLANI PC I0CO. PSIA
CI!PPCNEKT IREF FORFULA [ENSITY 4-EAT FCRI WT. 0,0

L ___K__L.L .. LKKAL QFO1P'ý.h I ..........
IiH 00F2 1.53 +3.5 ?2.

29 6~. 0.62C +?. 714 2,1.

.ULK DENSITY = 1.084 0GPCC
PIXILRE RATIC 2 2.5r1 Lb OX IIEN / LB OF FUEL

PRESSURE PKOFILE OATA

CHAOEEK ENTACPY 29h.60 EUIICGGPS

C-AMOER IHRCAT

FROZEN EXPANSICt,
PRESSLAE, PSlA ICOO 390.1 15h.! b3.10 25.12 14.10 IC.cO 3.96l 1.585 .631 .251 .100 5s3.1
TFFP. EEG K 4462.1 36P9.4 3C42.9 2502.4 2051.4 1 d24.1 1615.0 1561.5 I100. ?0•4.9 1OT. 1 561.3 1950.0
EK)4-6181 I- -t6. I C 29. 13 59.98 .'5. 95 10c. 18 116.51 123.22f 137.1 1()148.38 I7.141 1614. 12 1 rC . tj1 16.614
CP .4e55 .14/9) .4126 .4651 .14573 .14520 .114 .143 2 .4261 .4149 .4052 . 3916 .UR14
IPPLL OPT 10. 1 143. 16 205.12 315.50 179.25 T.9 355.414•) e.9 379.49 387. f./1434.19 1.46.71
IPPLL VAC 268.99 291.514 313. 16 SP14.149 351.26 359.t . 12.0I 3i81.-Bb 3P9.59 395.64 400.36 263.'14

EPSILCN I.c5e 1.1.22 ?.t60 5.326 7.752 10.191 19.1te 58.1 1I 16.C02 149.3G0 291.810 1.OOC

SIIFTINu FXPANSION
PFfSSLRE, PSIA ]coo 39d. I I5t.5 &3.10 25.12 14.10 1C.00 3.911I 1.585 .6I1 .251 .1C0 $70.4
_TEIF, CEG K _414t2.1 4Cý3.14 M61.6 S295.f 2963.) I 310.3 26814.H 2C04.7 2142.6 1923.8 17_5.3 151.9 1)I1.1
EKII-ALPY I-I -4..1 1C.3 81.2l 94.21 120.P4 134.94 I144.4e 165.4C Id3.d2 C00.07 214.SC 22r.31 15.9c
X OAR 5.C12 4.e9 14. 7• 2 14.6P2 U.594 4.549 14.520 4.1460 4.C4 14.342 14.21 14.23 1.938
h 5.C12 4.eQl 4. 1H2 4.6M2 4.594 A6.549 4.'120 4.460 4.404 4.342 4.2e 1 4.233 4.95U
CP 1.149 1% 1.44 1lC 1.3691 1.265d 1.1221 1.0266 .9!19 .b313 .8531 .94C1 .e912 .r061 1.4652
IPPLL CPI 1F2.02 25C.PG 298. 34 331-.91 352.1I 3614.33 18e.50 1406.6)1 425.55 440.C 1452.S4 1144.149
.IPPLL V0C 1 9 15.) !10.17 3143.0C 370.29 41.0 593.16 412.3? 129.51 142.b2 4514.655 465. C926.2ý3
EPSILCN I.ec It..1.5 1 .261 6.492 0.7l1 13.293 21.631 58.010 12..969 281.802 519.500 1.000

CCPPCSI)[ON SHIFTING IFIL/ICO LP)
132.6C 6 .CC25 .CCIC .CLO4 .Co0l OOCO .COOC .CCC0 .0C00 .00CC .COO0 COCO .COCO .001t"-45.47 E.F .9936 .9672 .944)1 .9264 .9092 .0994 .d991 .9116 .b367 .1pj6 .1261 .6838 .9r6

-1413.CC .F1C. .0112 .91C53 I.0C23 I.062 1.16Cr 1.1990 1.223I 1.2715 1.299t 1.1123 1.3114 1.3114 .0725
-713.t14 t.F2 . .C17 .C276 .0203 .015O .0019 .0106 .0099 .0061 .0 .OCd .0a36 .0018 .0311

-21C.CC e*F! .cci5 .CC33 .L03 .0031 .C047 .C06C .0071 .C012 .0b?7 .0974 .1551 .2024 .0033
114.76 ý- .CCOI .CcCC .COCO .OCO .CCO .CCCO .0000 .OuOO .C000 .0000 .0000 .0000 .0001

-147.1 e9Pw4-C .1213 .1114 .1041 .0#91 .r7C8 .0593 .0510 .0325 .0196 .0132 .0104 .0101 .1215
-1!5.3 8e*I-C2 .L27C .V2•14 .02t9 .022Z .Cl92 .0150 .0121 .C1or .eC42 .0026 .OC)e .00I5 .0214

66.CC .0-2 _ .C0C5 .OCC2 .00) .0000 .OOCo .COCO .000c . .COCO Coco CCC .Coco .00c0 .0003
-AS.C0 e.42.02 .cCCC .0000 .0000 .cCOC .MOOCO .CCFO .00 .0000 .0000 .0000 .OUo0 .OCc .0000

16.CC EHI-i .0CO .O0o0 .0000 .0000 .0OCO .0000 .OOo .OOC0 .OO0 .COCO .0000 .0000 .0900u
-2!E.6C Eo.O-0f .CCCO .00c .OCOC .0100 .0000 .0000 .CCO .0000 .CO00 .0OC .0000 .0000 .0000

5.714 e9. .1869 .139e .0963 .0591 .0319 .0202 .011 .C043 .0C)1 - .COC3 .0001 .0COL .1Ib80
-14.00C 91(12 .C051 .011) .OCF3 .O05C .0026 .CQ16 .00)0 .0003 .000 .0000 .OUO .0000 .0132
199.0C e2 . . .CO0 OCOO .0000 .0000 .0OCO .0000 .0000 .00(•0 .0000 .0000 .00C0 .0000 .0000

-111.6C 92.02 .0015 .0C14 .0C36 .0030 .0022 .0010 .0061 .0000 .CO04 .OC!3 .0003 .00C1-' .0043
.21C.IC F2.C3 .CC00 .CCC9 .010 .OCIO .00C9 .C001 .0001 .00014 .UDC3 .CCC2 .0C2 .0005 .0009
-567.OC P3*F3-3C .CCCC .CCC OCCO .0 .0O .00CO .COCO .0000 .0000 .OOCO .0000 .0000 .0002 .0000
-541.69 3.H3.*C6 .CCO0 .0000 .0000 .0000 .OOCO .0000 .0000 . 0)00-.0000 _.0000 .OOGO .0000.0000

1.86 F .C265 .0127 .0C56 .0022 .OOC .C004 .00C2 .0OCO .0OCO .0000 .0000 .0MOO .0172 - -

-64.5C F*)- .71492 .7113 .6650 .6104 .55PI .5287 .5019 .1454 .3116 .2869 .1501 .0537 .7271
-26.10 FI . .0000 .0000 .0000 .0000 .0COCO .COCO .0000 .0000 .000 .0000 . .On0 .0000

32.4C FeG O .00 00 0000 -. 000 . .000.000 .0000 .0000 .0000 .0000 .0000 .0000 .0001"
.CC F? .CCCO .occ0 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0oco .0000 .0000 .0000

52.10 I- .6947- ,71476 41
93  

9~ M -L Lk .1712 .Q~ 011 .19 .044 .0).8042.
9.3! 4ec .C369 .O0CC .0C96 .0040 .0014 .0006 .0003 .0001 .0000 .0000 .0000 .0000 .0259

.OC -p I.C192 I.1151 1.2569 I.30ti 1.5001 1.5o49 1.6019 1.6961 I.r?4O 1.8456 1.9107 1.9%911 1.087.
-51.8C -2.7 .C572 .01e4 .0391 .0291 .C199 .01)51 .0120 .0062 .0028 .0012 .00C5 .00C2 .0523
59.5f c .c75 ,tL __00

2 6  
.oco? .0002 ,LUU .O .. ocoL .COCA .0000 .COCO .coo COCO CO.CO_.L._

.CC C2 .CC04 .CCC0 .ccco .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002
314.IC C3 .CCO .OCCO .0cco .0000-0Q 000 .0000 .0000 .0000 .0000 .0000 .0000 ._.0OQ_0.OqCu
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.6.%.5. 99. 5 " 5.6.0.6.L.9.I PC 1000. 65
ter0 w CM/CC INCj196.65.

"521 .5 5 :.1 10 .

""1S'.1-149
.65

'.205PLP P SA P 5296.5 P C-569*195, IA .65% 51. 5 1 "166 1 6. 579. 15.616

2.995 '.6. -59, .9 ." 5 569 ,' :"" 0.5 Jo.e.$9 51. 516.9 5.75
4. 55 2 .9 ,5J J., 20.2 -193.16 :"'I 16.9 9. .5 6. 7. .9

0.0CCC 6.1 21.2051 7",5. 1 59.57 .95- 569.2 1 5?. 6.95 667:" 1 :a 1 :4.9 : 55 .9 V 5.796

75.CCo "5.56 51 .59 55551.5 51C.25 .960 56.1.5. 6 5.96667956..
66.0CC 9P6.421 C.559 552.I" 5:' .2 6.6 5. .5/579 56. .0

567.611: 56.01 2.12021 55.6 5.95

7Coo 2 5 5 .G9 5 55. 555 .695 560.6 52.% !.619 65.j.5

2 062. 5.6 5095. -129,.0 26 I'll., 5. 3.607 I?66.0 5 .622
55( -12.55 I .I0C 1 056. i ; 65.5". .625 572.2 57.0. 109 666.5 5.62

2 665. ?_ 5.6 05. 556 .e26 56,.s 55.9 3 50.1. 566".5 5.123
6600 79.5 1.S2. -555.57 .622 55ý2. 55.2 'I.T! 559.6t 50.62

12. 's 55 5. 6S 7.5 5555

;s 00 5 .76 5 S C 0 955 9 -5 . 0 M. 6 6 ., 525.7 . 26 0 26.0 267.9 76. 2 . 25 6 1.7 06

2.0OCC S6.555 2.79 555912.5 -554 .7 .49626. 56F 169 55. 3 3 5 6. 9 5. 5. .6 .
6t.0cc b5.596 6-.657I6 T 59.6 T -5 .6 F4 2 F50.6e95.6 ' -.65 225. 29. 250. -5. N , 56 I5,60b5

69.CC - L 1ik '. 5 059 -563 556 555 5.2 5.C" 595.2 56. 592 57. i& ak
6o.OCC 66.306 59.075 766.l -95 5.56 1696.7 55.2 t.464 55.0396 56. 26.3 .2 .
k9I. 0CC 6C5.65 5..595 2666.5 -159210 5..2s 569.2 12.5 5.657 695 65. 7. 5.5 54. 62 1.,`1

50.0CCC 5656 6.36 2701, -55.5 I.2 c. 25. 07 512.s 20.9C 5796 5.1

56.000 52.2071 1.265 2655.21 5'0 . 25 0, 27.6 1 .9 6 1C.26 s96. ,5271

I -2 56 .29 6 1.6112 .55-6.90 56" .Q 75 2.6 1.605 - -. 5 97.S 60O 5 5. 1.6 2 -.f

52.0(0 5:^C92 I .6 2250.5 -569.2 59~l 2.5 17 l 25.01 7.0:9 663.? ' 655. M

N100 59 3 3055 . 57.5 565 2.7 7.616- -29 4 -2- 653.6 657.1 1.1 5,934

26.00C 555.502 24.S56 2507.2 l.572 I.7 6?96.5 2 2.6h 5 7 06. 69. 1:666

65.0CC I5905 7. I 2260.2 -57 .52 599.72 5. sotr: 601.9': 625:.9 5.962"1
65.000' 26.31j 1126.5: 56.9 60. 25.6'I 9.52 6 9. 626 6

66.00O "66.5 2.7 2207 -565 6 07 25.5 5057 ý* ~ 3 06. J.~t -e. 5.56
66.CCO- 507.66 5l.966 2129.6 56 .55 603.6 5 9962§11,1 1, 1 9.

69 1:010 52 IC5 "1' 2599:.5 .59.6:' 1606.6: 9:0. Li 06  1'
30.000 53.6s.7629.ag0.2 669 7.75.5 0.7 625.5 5.8962-

9S.62c166.066 .549.9 2650.5l '55.6 5.215. 11.5 ,. 6. 6. 9. .2 .167I2.c 9
6 6:, 2 ------------.---- 6,I 14"t ~I1.c .6 1IP 110 j. .) 9.



PRESSURE PROFILE CATA
SYSTEM LI.LZC IPtCPELLANI PC 1000. PSIA
CCPPONEKT TREF FORPULA DENSITY P-EAT FORM oiT. C/O

12M CoF2 +5 3.s ?
29e4 15.1H9 0.62C +7.1'. 2A.

tULK CLNSITY = 1.144 Go/CC

PIXTURE RATIO = 9.11. LH XIIlLIZI.k I LB CF FUEL

PRLSUYE PMUFILE cArA

L1APPEO E(T17PY 206.11 CU/1CCOPS

C1Aw,'E8 THKCAT

FROZEN tXPANSIK
PAESSLRE, P5IA 1000 39k!.1 15..5 63. 1C ?5, 12 Ili. 10 IC.CO 4.9t,1 1.515 .61l .251 oCO 0 2.b
TEPF, CEG K 112.7 3;75.3 Wi6 1. 2675.9 21P6.0 1940.I 1779.5 1442.0 1162.7 912.1 743.7 589.H 4261.Y
ENT1-ALPY I-} - 1.P1 30.1 q 6 .1.2 f-7.05 10S.C2 118.40 125.1 139.02 150.25 159.29 166.51 112.25 17.41
CP .4.15 .1425 .4513 .'511. .4245 .4200 .41l2 .4C69 .3971 .11T70 .176 .5665 .4444
I1PUL OPT IeI.7) 2? .5.1.l 2147.26 51r.44 33).36 34C O T. 35L 14.C 7C. e2_ .32.# ? 38d9.4`. 393.19 11..31
IPPLL VAC 271.19 299.PC 12t.1. 54 W5.59 355.29 !611.46 373.19 le.3. 64 391.27 391.2. 4UI.H7 265.18
EPSILON I.tbl 1.615 2.d10 5.214 1.665 10.060 19.497 3e.060 r4.563 146. 171 28o.201 1.000

SIIIFTITN EXPANSION
PIESSLRE, PIA ICCO 39e.I 15.5 613.10 25.12 1.10 IC.cC i.9H 1 1.505 .631 .251 *ICO 102.2

8EP9, CEDC K le214.7 1 494.2 6C07.? 365T. 7 1510.2 316.C 2047.4_ 2774.0 2513.4. 2265.9 2050.9 1 b .5 4.55, I
ENTHALPY 1-) -7.q1 31.5l 66.17 97.57 125.30 I1O.05 150.06 112.1Mo 191.91 209.46 225.01 239.00 16.61
x 8*8 4. 72P 1.tC4 4.1.99 1. 3,32 6. 2t-4 6.230 1. 191 1. 11. 4.O44 3.9e3 3.920 5.85t I .652
K 4 . 12 U.t01 4.489 4.38h2 4.2F41 .250 4.191. 1.l4 16.O044 3.9113 3.920 3. 31 I 1. 6,2
CP I . P149 1.7393 1.6220 1.4945 1.3665 1.28PP I.23C3 I.CTFF .9291 .8731 1.0067 1.022 1. 1743
10'PLL OPT 185.01 25'..20 502.71r 510.29 35H.65 370.59 395.70 1.16. 8 4 13..F5 1bO.08 4o3.3.7 145.7

I IPPLL VAC 27?9. 541. 15. 32 3i1d. .5 516.61. 54C.9')5 40.4C1I 1.t0.3 1.3r.91 452.10^ ji6i,.52 6.17211I.51.
EPSILOK IL.C 1.156 J.100 6.5k1 9.995 11.561 2H.4e.5 )60.501 129.306 779.657 613.930 IOCC

CLMPCS1TI 0 51IFIIN (11 CLIICC GP)
132.6C e .C019 .00(e .OLOU .OCOI .0001 .0000 Coo .0000 .OCCO .000f .0000 .00Co .0012
-45.47 0.F .61441 .51161 .5360 .494H .462& .4412 .1411 .0.l65 . 59e6 .$T01 .325W .2A12 .t001

-113.0C 8eFC .F55r .9659 1. C6a 1.1556 1.2115 1.2695 1.2940 1.3430 1.571 1 1.4012 1.1121. 1.115 .9236
-l!3.e4 F112 °C464 .CN29 .0251 .0164 .0120 .CICI .0C91 .0073 .C062 .0056 .0017 .0031 .U377
-210.OC 803 .C056 .001d .0043 .0040 .0041 .001. .OO18 .0069 .()12? .0300 .0707 .1307 .0051

11i.76 bol- .C001 .0UCC .OCOo .0000 .COCO .0000 .COCC .0000 .UCG0 .OOCO .COO0 .COCO .OCO
-1.7.1!8 e at- .0521 .0411 .0122 .C311 .0315 .0279 .C252 .C1 C6 .0123 .0071. .003 .C027 .0192

-135.32 0-1-.2 .LIP7 .C2CI .0207 .C203 .015 .016P .0153 .0112 .0072 .0041 .0024 .0016 .0196
46.0c. B12 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

"-45.CC e8*i2vo2 .?cdo .coCC .oo 00o .000 .0o0 .000 .00c .000 . C00o .00c0 .COCO .0000
I.Cc . .0000CCOC .C0C0 occ CCO0O OcO-O .0.0000 .0000 .. OOCC000 .OOC0 .COCO .0CC .00C .0000

-238.60 8.1-3O0 .CCC0 .0000 .0000 .0000 .00 .0COCO .Coco .0000 .0000 .0000 .0000 .0000 .0000
5.11 e.0 .168r .1366 .Ic51 .OftO .0•.1 _ .0355. .0275 .01i? .O)1. .0015 .0001 .0001 ... I409

-F4.OC 6-02 .C237 .0220 .01p? .0142 .0095 .0069 .C053 .0075- .0009 .0002 .0001 .0000 .C22
199.3C e2 C.CCO .OCCC .O000 .000 .OCOCO COC0 .0000 OOCC OOCO .00 . COCO COCO oo.0

-111.6C 82.C0 .ffI5 .C013 .CCII .0C09 .OOCT .CC06 .CO5 .0003 .0002 .0001 .0000 .0000 .0013
-210.IC 8200! .OCO .0D05 .0005 .0005 _.0005 .0005 .000. .0003 .0002 .0001 .0001 .0000 .0004
-5670.CC 03.F!*3 .COCO .C0CC .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .OO O .0000 .0000
-541.69 83.h5.0 .COCO .CCO .CC 0O .0000 .O ODO- .0000 .DOO0 .O00CC OO0 .,Co0 -Coco .Coco .ooo00

I8.86 F .1208 .071.7 .01922 .0216 .0099 .0C60 .0011 .0014 .0001 .0001 .0000 .0000 .0911
-61.5C F01 .. 1213 1.11.2 1.1177 l.l351 1.1116 1.0956 1.085d 1.0556 1.0256 .9793 d927 -7713 1 3 Mj. _
-26.10 F1.-0C .000 .0t00 .0000 .0G00 .cOCCO .C0C0 .0000 .0000O 0000 . 0 .000 .0000 .ooou
32.4c 11C. .cco0 .CCCC .0oco .oc0o00 .coco .cooo .0o0o .0oco .00oco-- Coco . GODc -o .0co0 .00co

.CC P2 .CCO OCC OCO *.0000 oc--.0-000- .. 0. 0Coco .0000 .0d0o0 .00oo .0000 .0o0o .o)o0
52.1 IC .94.51 .8716 ..-?26 _.6l39 .54h?7 6103 .4.121. .2799 .16.13 .0812 .0312 .0178 .9022

9.33 1100 C919 .066E .01.3 .0249 .0123 .00F6 .0051 .0017 .UOC .0001 .0000 .0000 C7TI
.00 112 .4662 .5C9C .5691 .64r2 .7396- .- 7969 .e3e4 - 9i4r 1.0212 1.0951 1.1665 1.2396 .4902

-57.80 12.0 .C561 .0511 .0510 .0155 .0379 .0329 .0291 .0201 .0121 .0066 .0035 .0021 .0553

59.56 c . 10 1 .,O I UOL .032i6 .0146 . 005G O02_.LoQ.5J.i ,OO ao &QUO, O00...0..QQQOLO .. 0 6•__4.
.CC C2 .00.1 .0026 .0011 .OCO .0001 .0000 .0000 .000C .0000 .0C00 .0OCO .00C0 .0033

II. IC 03 .CO00 .00C0 .COO0 .OCCQ .COCO .0000 .COCO .CO(O .0OCO .0000 .9000 .0000 .COOG
-164-



1SlITP LMICI 93P98GF/LLA4 I PC 10IC/C I. PEA ICopO/aLI1 IRAI 5/UCA _- "ASil AlIA 1/48 is*

29/ 95.39 0./2C /1.F% 29.
FROM1 1/PA/SOfk

9PS1004 Fp/P F PITA TAPP ETA7SLF3 CIS LALd 1 4111 1OA Ct/AC1 1 SEA 1 Al I Al I SAC CF SEA CF VAC,
CEOI I SCL/ICCC/ GF,011 7P LVI. MOO0 50000 L vLI

1.0C 1/C 55.1A //l. -I.t .4/AIA./ 11.S .212A.2/.2VA35. 4.756 1.75
2./CO 1./ 101.5/I 2019. -dC .1 450 . . 47 2/. 50. 3900 1;0. /? l.V61
V.0CC 11.152 571.629 242/.9 -09.16 0/ 2/C.5 9/.9 ./I 14. /0.4/o//14 . ./
0.0CC 27./Ca /4t.621 2398.9 -99.0/t *'42J 135.9 91.9 .M7 224.5 .12b.4 m259 111.3 ).52 1.504
5.0CC !1.112 2e.902 222/.V -8086./I ..2 91.. 29. I.Cy7 2 1F. /33.1 ' l / 1. 9/4. 1./SI 1.63/

V.CC 199/ 1.9S6.99. -116.02 .421 127. 249:: 9. 1. /05111959.62,
M.CC 72.305 )1:,8 9909-9.C ,I 2. 20171 38811491 8.17MCC.00 f5."/ 11 .4/1C, ;8/1. -'I 1 22/ .1. 994.8 21., 1.91S 439.1 /55.1 35V`.u 1.492
MotoC 99.C99 10.091 176J.0 -124.91 .416 239. 21. 2.2 /71 1/.3 1.10G

11.0CC 993./li P.002 M92.9 -6127.3t .t-. W/.7 20./ 2./ 359. 3 31/.9 1.710

13.CC 1/412 8.2/98/.5-3/.9 .41/ /.4 9Y.3 4.1/I 1/9. 3/4.7 I. a V
140C 9/.SI 42S2 1002., -"22,4 w.1 'w4. 97 .0817.9 269.91 7/

is.0CC 9475 .519/.-115.8v.9 5.1 9. .2 9/9. /16.4 I.29U
"10.0CC 1/'N4/ I .7 9522" 7 -SIR. .48. 152. 7. 4/23020. 1.74/
"7.C 2c9c 1 4./ I 5. -Is/ .40 954. 97. C/ 3/5.4 171.3 .149
I8.QCCC 22640./ ,w 0/lk17.2 -937.59 14/1549. .5 8. 1724 1.19.0CC 2V2 ..1 4... I5., -1SM.5 .407 350. 94.7 1.04 18. 7. .5

2.cc to 2 .9f, ' .91 1430.9 1139.5c .401 150.0 4 .3 4.5 1837.1 14%. 3 1.7/,2,

23./CC !19.1/8 3.191 31/.7 120i V/319 1. .4 /31 910.5 1.717F
27!.ýCCLSIQ- -is H! .AW 4 913/91 H 12"! .1/N ./03 5/2.0 15.2 5.971 W/.4 Via.L I . ff

24.0CC 13.2 2a2 'I;9/.9 -1: 1 4.40/ 149.4 94.9A .82/ 1/8e.8 3744 1

28.CCC 422.;I6 2.59/123t1.V .1/5./I 002 1/5.1 1. 94.3.079 3/91 17. 1.78I29.0CC 4/1.18/ 2.255 1249.5 -14S.9; .109 9/5.9 1V.2 8.280 130.2 /S0.0 97

!2.0CC !00121 1.975 1223.9 175 .40011; /1. '1 93. 9.21/. 9 911./
1V.CCO 507.834 9.925 208.0 .1/.. .18 385. 93. :.2 16. 18. .9/
13.0CC U6431.V 9.75/ 1M/ -338 '36 /9. 93. 1.9 399. 1 372.5 1.d00
90.CCO 569.011 1.6/k 111. -a84 .99/ 369.0 93.9 9.7?l 182.9 g g
7l.CCC 659.449 ../Al i13t -796 .979.9 1013/90. 8/
,::"CCo40.1 ;*."8I 91,1.-150.62 .913 970.9 92.2 0.1010 4.,.0
/'.OC r11.8/ 1 479/4.1 -903 3/1179. .20 7.9.0

/100 72,2 .2/ M49.9 -I51.// .99/ 172.1 92.5 0.75? 3948 l0I
03./'CC 7720 19592..91.7 .9431. 12. 6.761/.9 1.Fi9

.20C 5!s31 I.324 I ýrTb -152.05 k .94 972.9 'N 12,21t2/15~ ~ l

/7,0 CC 85'4.w/ 1.170 I005./ -159.19 .30/997.4 1179.9193.A.I
4.cc 9/0.2/C 9.130 9093.0 -99/ .91171.505416.S .- 99

50.0CC /32.999 9.07 ICI. -I5.9 '33 I7. .169.0 .0 1.9
7.665 88.0/A 14.698 I/CI-9.C .2 9.1.962 /39.4 637.3 652.5 355.3 1.559 1.602

/f19t9/e PC/ P PSI 856/ 1088 0/9ALP7 CP LALl 1I 0 OFLT A 0 544/Cf'. I S0/ I Al I A3 I 3/C 00 50/ C' 340
090 A 40/6/ICOOP CF CE, 1P 93 IV COCOSCC sc/9.L

1.C0 97CC CCC a/31 62 .1

2./CC 8.Ct2 92.03 94.1 7,/ .0 271561 .5 3 16 3.3/.5 3 23. ./ .
3.C 4554.12 11C4.6 -93.52 1.%93 297.2 47.0 .681 134.2 931.2 3NS.1 1/..3.201.4

4./C 1.01 0141 2044 90,7 985 1: 289. 44.3 .8"/ 1/. 41.9050 157.21 3.544 9.82/
5./CC 28.1,3/ 35.048 3461.0 -114.81 6./Il 34. 94. 3.2 397941 /64.3 1/. 16.5/I. 1.666

l..CC /1.H12 21.952 If311.' -929.53 Hitt 341.2 S5.7 9.5 .142 345.0 17.2.: 37j.9 ;:,420 9728.00 :5.41 9345 3257:.' -923 1.330 949.2 74.3 91/5161 1576 36.4 4., 4. .2 ./Tog0 4S72 I.4130. 38.F39/34.3 11$.2 1.9M/ 950.4 46F.4 330.JOI 18.5 6140 3.60
f00C /1C8 I/13848-/.079299 35, 3p25.1 2.19/ 340.4 $.1.; 3991.0 C ."1'.0C '140 9.9 3920.9 -9/3.27 9.279i 342.5 39.5 2.42I 349.9 189.9 394.0 1 .792

9.jC0CP~ '1., / 14.1Rk. -1§1.12 19.243.4 03 2.42ih~. 12L 194.7Id.093.00 R4.915 U0.5.9/ 1'6..4 M9/6179 1521394.0 a10. 2.960 3469.8 1/. 30. 1.6
95.000 893.72/ I.783 3203.4 -992 .2014329. 5.0 5/71 03. 983

94.CC 92.4/ 008 2145 90ý5.25 1.1997 27.6 :2446.3 14. IN . 9 /
%100 93.4 .82 2949.8 -157.32 9.1"s 370.9 2a.2 1.7!5 /05 407.0 lr

9.0CCc 943.71t .9 09/0.5N -985 B7 980. 218 i.994 /0.10. .65
990C 5/ CC 5.9 22.5 -94011 .40 1921 38.9 27. 422 407. 9CY1 41,90., .6

2'0.0cCC' 9/9:ý'.22 6.81; 29C9:/ -902.09 .951;2 094.4 71.9 0.4409 /01.9 499.5 3.067'
29.000 974.40/ 5:.127 203. 9/.5 .4296. 26.3: 4.: 434.d 492.9 3.7

23.0CC 8/5.210 512 280719499993 389.0 26.2 S.114 404.4 495.2 1.:/%

24.000 22/.Ce 3 4../24 280. -99C .4 9. 55 .5 0. 9. 0
21.000C 214.222 4.23/131 910.9 .090 994.9I25.2 5.9/2040.3 499.9 9.90
28.00 0 299.31/ .0.06 2C18. -9191.61C0 .092 3995.2 25 .9 4.6 409.7 420.2 1 .911

90/C 2464 8 ':62 1794-1.09.067 3971. 24.4 8.61/ 400 42. 3V9

3.C 2/.7 9.24 0712.7 -658 9.5 5/9-9.2 24.1 3: 800.3/0 499.4 423.5 8.:926
33 0./C To3124 It29 3199-2.246 9/4/00.1 2/.l1.2 499I.7 2. .3

!74.0CC 3615.8150 9.944 2799. -970 0.0/ 401.0 23.3 1N5/2 4R3. /3A5.0 3.931
35.000 121.@49 1.Csc 1101.2 -671.9/ 6.014 403.9 23.4 1.791 492.0 4"S. 9.994

11.CC 35391201 269. 99.2 .02 41. 2/ ,51 8.1 49.19 421.0 6.92
7/.CCC 9/4.I60 2.74/ 2412.4 -690.0319.701- 434.2 23.3 8.509 /61.6l W.6 -- 1.945

190C 91.29 2.5 2/65.4 -640.72 I.099 405.0 23.2 P.13% /95,.9 4281.2 9.48
,9C., C 41OO 99/29 257/ 2/54.4 -991.39 95:005 405. 23.1 9 .9/5 - 9.5 42. F 9.950

13,0C0 4C0.600 2.496 2/44.0 -9/.3/ 1.000 4064. 21.0 9.1996 49.7 429.4 1.9%3

4.C /2.280 l.2317 -68 .672 .995 47. 2.13 9.25/3. 298 9.
49./CO 4497 316,1!/4. :932 " 9/ 40!1 22.9 /1.32 464. / 6.4 9.58

040/21.09 7288 24291.4 .9/9l99 -. 9A6 4A8.4 72.6 9.87 6.6360 949
4.C 44.27 2.224 2493.9 -984.4/ .92 459.0 22.5 90.90 /4.2 /36.5 -

40./CC 4/9.125 2.148 2/00.0 -980.02 -. 9? 999.4 22.4 60.923 I 3p 3. - ,0
/2.0CC /33.269 2.9 259. -955 .97 49. 3. 054 3.6/24 .6

.8CC 8.42 2.9 2599.0 -984.62 .96 43g.? 22.2 60.741 464.6 49.9 1.0/PNY

A49.0CC 4/7.3891 2.080 2548-80!;91,3.,rii9.7744443. .7

I-----------4-1-17-9 ------ ? II --------

9 A.,-.9-36. 100 .0- 3. .?IAT ~ ~ :



PRFlSUNE PROFILL CATA
SYSTE4 LlOUIO 13IPAUPELLANI PC IOO0. PSIA
COPPpiNEKT IREF FORPULA UFKSITV HEAT F1.RI ki. C/0

128 0.92 1.53 14 .S 80.
29d B5."9 0.62C r7.14 20.

LULK CLNS0I4 1.1 14/00
PIXTLR RATIC = 14.000 Le CXICIflk I LO eF FULL

Vk[SSUI•f PRIFILF CATA

CHA91t. EKTRCPY 277.41 EUIILUCIS

C11P3ekk IHReAN

FRO/kK tXPANSICK .... . .

PwESLk0, PSIA 1000 39.1 I51t. 61.•10 2.5. 1/ 14. to I.C 5.9" 1 1.55 .6`11 .251 .100 Skid.I
TEPIP, CEG 1 497Q.4 4C86.6 1!46.6 2133.8 2226.1 1972., I0T.0 1460.1 1171.9 938.6 7146.1 .9.5 437P.. t
ENII-ALPY I -?.64 i0.C5 60.96 V6.2 3 IC6.8. I 17.Ci 125.6W 147.1 148. 14 156.92 163.92 169.47 17.f6
CF .142U42 .1419; . U15cb .14909 .1.0 11 . 1990 . 1956 . 3tl6ý W U17 . 36t2 . ist 01 .1%95 .14216
IPIPLI. OPT -1"11. Cli 21416.2,1 2,5.N, 5115.S4 322?. j_.11 11.9I1 514.9h 306. 13W8. 57.6 3B16.51 3 02Ž.'2 1 48.6t,
I14PLL VAC0 ý69. yt 21413.25ý 32 3.145 314 5.19 352.41 35F .98 S3f11. 17 580. 69 See .1 IS 95.93 3983.144 2614.69
EPSILCK I.C0e 1.61C 2.e24 5.212 ?.!91 9.961 19.246 61.1147 f3.231 114i.2Cd 279.749 1.00oC

1-1010EXPANS ION
PRESSLRE, PSI3 ICOC 398.1 I s.S 1.10 25. 12 14 . tO IO.Gu q.90 1 1.5Sk5 .6411 .7141 .100 513.b
OCPfP, CEOV -- 14979.14 30,59. 148. .57 3S,,?. 4 34014.I1 5216.9 2996.9 27r59. 7 21491 -.1 22149.2 2ý20.2 14719.6
ENOII-ALPY ~ -7.144 3 1.114 66.50 97.12 125.9c) 114C.99 151.214 175.96 191-4. t5) 212. e2 22T..1 2145. 37 16. 6

1 3114.557 14.429 14.31IC 14.201 14. 00 14.0145 14.CCt! 3.9214 3.11149 5. 7Im 31. 124 3.6e) 14.14 7.
N 4.557 4.429 4. .J10 4.201 4. IO 14.045 4.0.1 3.924 3.849 3. r5a 3.729 3.691 14. U7 d
CP 2.C122 2.O0e; 1.9521 1.8C05 1.612C I.1499I I .k415 I1.238P, 1.0710 .9C14 .t721 .t6C2 2.0675
1911L IP4.62 253.95 3,2. Me 140.90 359.59 11.17 391.146 419.19 1451.1 145•.Al 1467.10O 1414.09
I0IPLL vAC, 279.16 1 1'.142 5149.114 317.1.4 192.119 14 C2 .W I 421.C4 14140 .9 13456.35 1469.62 

14
Gl.05 M1.00

3PSILCN 1.082 1.t6 3.3539 6.69d 10.202 I .F69 29.2,% 62.14Y6 114.141S 2e9.1V714 626.626 1.00U

EC0P0SLTI79 5ONHI1F I IK1 1/10 C/ I
1 !2.6C e.0cc13 CCC6 .OCC2 .OCo I .r00 .COCc .0CCCC .COO COCC .Coco ,OCCCC .00c .00Ce
-45.17 .F4 .P. 53 .14176 . 5i4P .29?3 .24714 .2225 .2066 .174m .149-) .121t? .ION .Olt6 .4434

:114.0C 13F9. .8190 o9141 1.0146 1.1196 1.2196 1.2601 1.2t,713 1.1440 1 .4889 1.4236 1.14414 1.4623 .905,,
.123.24 1*F2 .C510 .OS5e .0214C .01si .0102 .0079 .0066 .00 T6 .*002 .0021 .OiQ- .os F .;'-_112
-210.CC der! .0C . .0C66 .0055 .0C4>5 .COST .CC34 .0C33 .CO5 ,C04C .0063 .C134 .OS48 .0071

I1.14. 7t2 .0CCC .0CCC .OCCC .CMCC .COCO .CCOC .CCCC .CCO .0000 .0000 .00uC .0000 .O00u
-147.1l 1 8*eC .C269 .U229 .0195 .0168 .0144 .0132 .0123 .0101 .001M .00514 .002 .0011 .0244

-15.32 9eo1.2 .C127 .7C136 .0146 .0155 .C1 3 .0166 .0166 .0157 .133 .0099 .CC64 .CO14 .0135
t1.CC 0*.2 C..CC O CC_ .. 0_C .0C00 .0000 .00CC .0C0 .cCOC .0000 .COCCC .COCC .COCO .0CC

-4 t.CC 13.1.2.Cc .0CCO .C0 .Coco C0o0c .000 .0000 ,6000 .006C .OO 00- .0000 .0000 .OO0 .0000
I.OC 14.91 .C000 .OCC0 .0000 .0000 .0000 .OOU0 .00(10 .000(0 .0000 .0000 .0000 .0000 .000u

-2 C ! E.60 3.- .eCco CCc CCCO . 0000 .000 COCO .0000 OOCO COCO OCO OOC ,COCO . 000w
5.74 e *c .13;7 .1112 .01496 .0693 . V.SC4 .0C4u4 .0356 .0199 .010 .01C4C .001G .0OL3 .120u

-F4.CC 1e2 .0253 .C255 .0247 .0228 .0196 .0CIo .0150 .0098 .0052 .0022 .00T7 .OC2 .0255"199.3C 82 cGoO.COOO .0000 . 0 .0000 .00co .0000 .COP.. .0000 .0000 .000 .0000 .0000 .1000
I111.6C e2,C? .0c07 .0C5 .C004 .0003 .OOC3 .0002 .co02 .o1oo .oo07 co-ocT o -c - -. M00-0 6.C00

.21C.1IC P12.* .0CC2 .OCC0 .0CCO. .c000 .000C ..0 COC1 .004 .003OOCJ .003 .O02 .COI1 .0001 .0005
-567.CC P3*#F *3 .CCCC .CCC .OCOC 0COC 0 OOCO .CC .OCOC COCO0 .000o .0000 .0000 .0000 .0000
-541.69 83.1.*C6 .0000 .0000 .OCOO .0000 .COCO .0000 .0000 .0000 .0UCO .0000 .0000 .000 .0000

16.116 F .214C .l 1 r16 .1152 .0115 C04c2 .02?2 .0200 .0086 .0012 .001C .0002 .0000 .197!
-64.5C F.P 1.27143 1.334e 1.300 I.1C49 1.4243 1.4265 1.42515 1.1161 1.14027 1. 3"6 1.3621 *.5152 1.5121
-26.10C F.... .0000 .CCC C .0C00 .OCOC .COCO .0000 .OOCO .C0OO .0000 .0000 .OOCO .OOc .0000

42.4C FP. .0COO .0000 . _-_a0 0 __00 O00 .0000 .0000 .0000 .0OCO .0000 .0000 .0000 .O00u
.CC F2 .C0C00 .C0C .C0C0 .00 .C00 . 0000 .0 .0000 .C0OC .00m0 .0000 .0000 .0000 .OOO0

52.1 C .H 6159 .7/00 ._7.207.cc 6642 .5916644 .5067 .14015 .2/70 .,lf4 .0897 .0371 .7?Has
9.3! )-c .1223 .C9@5 .0765 .Ob6 .0361 .0287 .022r .0111O .00115 .0014 .0003 .0000 .1 ,??

.OC H2 .7541 .260r .2751 .2996 ...337 .. 3.666 .5909 .4593 .53614 .6126 .679 .1757? .2573
-57.8c I-.e .C1145 .044C .0149 .0439 .0435 .0142A3 0h1 .0376 .0306 .0220 .013H .0004 .0442

59.5f3 c .2087 . I56k14 ,JC95 .069A .038 1 C26 Oj 99- M -. Q--00 - .766-
.AC C2 .01111 .OC3 .OC6M .OC40 .0019 .0011 .0001 .00C2 .0000 .0000 .0000 .0000 .0118

314.1 C3 .Oco, .0n0O .0000 .O000 .00co .0000 .0000 .0OU0 .0000 .0000 .0000 .0000 .0000

"-186-



I33TO6 LRULC lIP0,P16766 t00 PC 30.63

CIG A 582CC IMCOLJIU8.63.0
------- -&" .F IA!3 .3 &

CCC T.2 1C 33367.3 -300.333 0 0.1 3. 4431 302-6 31 325.1 32 S 1 14 4

0.22 2.3 339. -3093.33 305.I

1221.2 -o.0 302.8s 300.5 370.6 3.702

DID $617 1I. . 1612 49 4.. 22.0 1.06 15.2 300.6 3S6.4 1.700C%.? ____________ ._96__13t.0__1.0____.1 ______ 392.6 31::"367.010 9.431 3 19. 3.9
556 ".55 .9 21. 3 0 .39. 300.0 3.0 7.770', SS7.Q 33 3 .890 00

1 35.5* 1.3 6 It .6 -303.33 .339 30.9 3.3 304 .0094 30.3 37.6 .9iIII!;I 11''1"l 1:05433 13.8 20.9t .59D 36.320 330 360.9 3.391
CCO~30. 19.3.3303291 ',' :: 14"A£81.2 3.90239 .2 32l. 3 6.0 93 9. .O

370.31~i' .A w 32. 3.93 362.936. 3.033

373.!C.2 2 " ' 33. 0.3 962. ".I",1-9.I~ ~Il! ~j C!t~ C$!:! C 24IA!6 :u I;I 33 .0 I;! H
20.CCC~~~~30. 352.91 3.557~ .3.0095. ý60 4:, N

21:1 01 ! .318 P.M000 37.0 1.0 2.07
3.00~~I03.300 53.505 033. -3.' 2.0 0.3 359 .2 236 20. 27. 23. 320 Q.2

0.(0- .eCtC ;t.fl~.1 1 C 1 . t :: 5 1~9 :'1'; 11. 15. :5: k.1 IdZ?0 IS:

3.00 Cie 1 '2 0 30. -113.25 .920 236.5 03.6 .06 360. 3;337 30. 30. .52 1.

DID~30. 319.5 3.2 23 1 I 15 .71.720
i2 16246 1:711 :IN - I 1 100 56383.2 :88 306.P .3 330

C00C 30 3 3506 3 3.3 -35 .3 .505 253.7 223 23 3 3 93 3 9 3 36 .3 093 . 03 .3 192
"3.000 579s2.7 30.62339. -309.32 3.03 363.5 60.9 2.6513. 9 935.0 0330.2 3.321

So.0CC 330.453 9.003 3233.5 -353.76 3. y0 3301.1 123.9 3.502990 03.133
36.00 320.030 ;.33 3.3. 6 -359 ,.3 37, 9. .2 005 3.037.0 32965 7.31333.3 .35.3 3.0 3.3 2.6.5?013 00. .0
3!OS033 3O ..7 367.3 -35.5 I.5 383. 28.0 3.503. 099 3.0?

3.C 3320 .333300 3.22 .5 33. 26 0.6903 032 3.867S"33.00 1021 .9 35. 333? 330 332 262 02000. 3. .l
200C 33.0I.3t620 -027 .2 3. 33 0.00. 3. .0

22.01 339.235 2.53 IC :. -3 M60 3.305 373. 127. HE3 273 055 .9;

- 2.0CCC 35.232 1.3330.21? ti . 63.0 .2 3.37.. 5.32 - :2.6 :3,J .0

700 22.7 0.303 3325.3 -3 rk0 3.5? 39.9 26.0 5C.90 03. 023.0 3.367
4. _C 1 .__ L___ ___2__ __ __ __2,__ __

26.0CC 928.6!3 IS33 3023 -7.9'M03. 59 330 6. 2. .1

':C 3CC0 5.306 3.856 2966.21 ::3103 3233 336.2 25. 359 0 32. 5239 .7 5 3.699

3300 3.20 3.3 2355.3 06 -33.3 3.3 003. 20. 7.30 o330 $ 0 20 3 3.963

35.CCC 5101. 363 .303 2930.3 -379 2.00 A 3.98 00.9 120. .0 1 1:1 21' 3C:3. 060.3 07 .5 I 6.920

3100 33.0 2.a 295. . .5 3*18 00 .0 20 1 .1256 660.1 6k 6628.9. 6.95 033.00 ;7.59.3 2.808 2900.7 -ilk.2I -..6 1 0 1 .0: 20. '.7TO333- 9. .
39.30 k02.1.3 231 269. 8 -363.93':51 ý:" 3. 10 000.3 20. 8.3 033.3 0306 3.9591 1 1 2""0.00 31.3I.3l63.2 -0.6 333 5.3 23.3 ::3982 - -3s9. 3 61.9 -e. 03.3 -16' 3.690

30C 3.2$ 1 .02.559 260.8 -3403.33 1. 303 603.6 j 23.8 9 9 370 . 069 35.?1 0 3.1 90 3.90

03.000 ~ ~ ~ ~ 2o oC13 2.00 2600.0 -33.3332o9.3390000.303. 6.370'94

09.000 07. 11 96 32 .62. -1698,4 360 03 .00. 22.3 6.2 391.0 1,0 2

06.CC 106.300 .01 2623.5 -56S. 36.329 SYN.3 F 0. 39 0 05 03 3.5 3.3901
5000 03.03 2.35243. 

6 
1A ,760 33.2 3TI 29.3 3.523 _ 060.9 0301.0- - 90

30.30 68.000 60. 190,336.3 -0 .99 3.09 29.032. 2 .2039.0 !051 38.? 4092.5 3 .03 6678

1,1;11.1_ 121 51 Il. M ,8 - .6

IC . O, 'H 2.



PRESSURE PKCFILE CAIA
SYSTE6 LICUID BIPROPELLANI PC ICOC. PSIA
CCep PV7NT TmIF FRMRULA I:EKSITY HEAT FCOM WT. C/o

12m C.F2 1.6) 5 35 03.
2M ab5.t9 0.62C *.1.t 12.

COLK CENSITY * 1.01 GM/CC
PIXTURE RATIO * 7.333 LE OXIDIZER / LP OF FLEL

PRESSURE PROFILE CarA

C1APPER ENTRCPY 249.r3 EUICCLCPS

CI-AP8E IETHOAT

FROZEN EXPANSION
PRESSLRE, PSIA ICOo 39e.1 I5•.j 63.10 25,12 1..10 IO.CC J.91, .1.5 .631 .251 .100 544.1
TEPRK, CEG 0 4.9!9.9 1.CC2.h 3235.1 26CI.5 2094.6 le'.C.5 1675.e 1531..5 1051.0 0'32.P' 65?.? 50A.9 1.300.1
EKTý,ALPY ?-. - I?1 26.o4 54.04 76. 14 93.93 102.61 10ý. 14 119.57 128.62 IAS. 76 14l. 1. d •. 77 15.94

CA .!E8 .3sk9 .1545 . i49S . 6 .! 19q .3~ .329k! .3221 .3151 . 30t3 .3019 .3601
IR1PUL CPT 171.56 2 117 269.22 296. 5r 309,0 C 34l.0.0 552.C6 _14 1.1 32.65 359.4.9 164. 16_14.1.79
IIIPL VAC 255.23 2El.C0 303.96 321.9C 330.41 !35.71 316.4.1 !S..71 3661.1C 366.CC 3o9.17 250.58
EPSILON 1.052 I.5-8 2. r76 5.949 .7411? 9.499 IA.127 34.846 67.211. 129.793 250.512 I.OOU

SPIFTIK•o EXPAA$ICK
PRESSLE, PSIA ICCC 398.1 s1.5 03.10 25.12 14. IrC IC.C0 3.961 1.Ses .611 .251 .100 5122.t
!ED'P, _CEC K 4939.9 4.515.4 41.39.2 3799.3 34.90.4. 5 12?,.4. !713.9 297C.C 2754..? 295P. P 2 Ilia.9 2189.7 4.676.2
ENTI-ALPY I-) -1. 17 28.15 59.56 H0I.5r 112.61 125.95 135.01 155. IN 13.36 189.82 204.76 218.30 I1.73
X BAR Is. 149 4..C25 3.911 3.e05 3.7C6 3.649 1.610 5.511 3.128 3.346 3.272 3.210 4..012S1. .19 4.C25 3.911 3.LC5 A.7C6 1.649 1.610 3.517 3.126 3.346 3.272 3.210 4.072
CP 1.1E61 1.7217 1.6245 1.5W13 1.4 fliC 1,1.03r I.5C0I 1.549f 1.5446 1.161 1.2015 -. 7t6 I.1584
I-PLL OPT 15.31 240.94 2t7.09 322..l 31.0.32 351.73 315.b2 196.30 413.98 429.38 1.42.h9 13S.0I

_I1PLL VA. 264.93 299.01 330.63 357.15 3t.15 !8C,25 399.H5 416.90 4A 1.86 4. 156.61 257.31
L,[ILC., I.Lel 1.159 3.312 6.619 10.069 13.6t6 28.967 62.37f 136.013 298.963 65h.169 I.o00

COMPOSITION Sh1IFTING iPCL/IOC GO)
112.6C e .COl .0Coo .00)0 .0000 .0000 .0000 .0000 .0000 .OOCO .0060 .0000 .0000 .0000
-4.5.47 eF .1227 .C616 .0YI .0262 .0124 .001? .005c .0022 .C009 .OC03 .0001 .0000 .0969

-I13.CC E8F*C (I9C4 .7562 HGS3 .11,349 .8132 F.P89 .0321 .8068 .11?40 .o138? .1045 .6749 .7321
-133.1.ý 6eF2 .C555 .C85 .0255 .0160 .C096 .Co00 .CC5S .0031 .C016 .0008 .0003 .0001 .041st
-210.OC P.Fs CM79 .0117 .01.O1 .0571 .0739 .0878 .0996 .12f .11691 .201.22k ,.228 .201 .0401

116.6 ? .e - .CfCO .QOCCC .COO0 .0000 .00CC .0000 .0000 .0000 .0000 .GOCC .0000 .0000 .0000
-1..13 6eh.8 .t .C . CCC7 .03 .OCOi .00CC .7000 .OOCC .00e0 .0000 .COOC .0000 .0000 .OO C

-125.32 P*F -C2 ,CC22 .CCIF .0C13 ,0C09 .00C6 .Cc00 .0003 .COCP OOCI .0001 .0001 .0001 0019
66.0C reFl .CCOO .OCO f .0000 .0000 .0000 .0000 .0000 .00(0.0 00 .0007 .OOuu .OOC0 .0000

-45.CC 6202 .CCOc .CC¢ CoCO .00C00 .0O00 .0000 0Coco .0Coo .Coco .000F .0000 .0000 .000u
le..0C EOV! .c0CC .0OCCC .CO ,OCOU .OOCO ,C000 .O00.C OOCC .0Coc o CCOC COCC0. COCO .0 0000

-23P.6c e,1,.0 .0000 .0000 .0000 .0000 .00O 0 .O000 .coc .0COCO .COCO .0000 .0000 .0000 .0000
5.11• FoC .C245 .0151 .0083 .0o03 .0016 .0009 .00CC .0002 .0001 .000A .0000 .0000 -0185 _

-F6.C0 o1•2 .C149 .OIIC .0125 .0106 .00t4 .0072 .OC63 .0047 .0031 .0025 .0019 .0015 .0111
.199.3C P2 .CCO( .C0CC .Coco .0000 .OCO .0000 .000 .0000 .COCO .0000 .0000 .OOCO .000C

-111.6C e2-C2 . C06d- -. 0 -- OCC .OCO .0000 .OOC .Coco .0000 .00G0 .0CO .0000 .0000 .0000 .0000
-210.1C b2*0O . 0000 .0000 .0000 .0000 .0000 uu000 ,000 ,.000 .0000 .0000 .0000 .0000 .0000

-567.0C e3*.-FC3 CCCO Coc0 . .0OCO .0000 .0000 .0000 .0000 .CoC0 .0000 .00o .OOO .0000 .000C
-541.69 8.0-*3.06 .CCO .0OCC .0Oc0 .0000 .0000 .0000 .0000 .000.0 .OOO .0.. OCC .0000 Ooo.0 .CCC

1e.ef F .86C5 .76P5 .6Wk .6008 .5214 .4.19 .k4C9 .35"0 .2716 .1911i .1201 .0517 .0kOI
-64.5C FI- 1. 3603 1.4503 1.5291 1.59!38 1.6412 1.6606 1.6712 1.68P2 1.6914 1.7025 1.?053 1,1069 1.4.161
-26.1C F*FvC .CCCI .OOCC .Coco .0000 .OOCO .0000 .0000 .0000 00 .00 .Cc COCO . .0000

12.41C F aC ,CC0 0CCC2 .OCI0 OG .00-01 .000 ,0000 . 0.00 .OCO OO .CC Coc OOC,0 .0000 .0003
.CC 2 .0O0l .00OI .0000 .0000 .O0o 0 .00C 0 .0oOC .0000 .OCCO .0000 .0000 .0000 .0001

52.1C F .1915 .1458 .0993 .060t .0331 .0226 .0169 .00bA .001 .0020 .0009 .000O .1656
9.3! 1-.( .C926 .0121. .0546 .0390 .0262 .0203 .016? .0105 .006b .004i .0026 .0016 .0801

C0C 1-2 0CI79 .0116 OC6e C0J05 .00.16 .0009 .0006 C0OCS .0001 .0000 .0000 Ooco .019
-51.80 1-0P .CC99 .Oct? OCS5 OC9 .0025 CO19 .0016 .0010 .0006 .0001. .0003 .0003 .0085
59.6 C .5434 .4915 _.588 .3824 .3212 -.2kl - 2lO _.__49 100 .. 066 _at119

.CC C2 .1163 .12° 0 .1443 .1711 .2084 .2310 .2534 .3007 .3162 .3881 .1252 .16565 .1222i
ih. lC (3 .C0CO .OCC .C0CO .0000 .0000 .0000 .0000 .0OCO .OOCC .0OCO .0000C 00CO.0000
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P4ESSURE PROFILE CATA
SYSTEA' LIWUIO bIPROPELLANI PC S00. PSIA
CCOPPKE1ý1 T14EF FCRPULA CEKSIY 1.A! FVR, wt. (i/O

.LEU K ~ --.1/0C - IAL/FORM..kL,)--- -
12A C.F2 1.t0! +3.5 66.
29t, s5.19 U.62C 41. 11 14.

t1LK CENSIIY 1.01 GM/CC
PIXYLOE kAIIC = 1.941 L" CXICIXIC / LO OF FLFL

PRESSUkf PCCFILE rATA

C0-AflEk ENIRCPY i22o.d Eu/I CIG5

CAWBLl• r.,RCA

rROZEN LEPANSICI.
PRESSLRE, PSIA 3CC.C 1314.? 60.y9 21.16 14.70 12.20 5.471 2.400 .,1C4 ..96 .225 C10 165.5
TEOP, CEO X 1159.4 3145.1 2694.3 22;1I5 1909. 1?10.1 16C1.1 1356.9 1111.f 92C.4 id .5 621.9 1124f.1
E I-ALPY I-) -k!,44 2 1.5 46.92 68.36 e2.1,4 ý6.'.1 101.6 II., .4,6 5 W41.e2 !3.',9 14.0.f.1 146.19 14.31
CP .ý260 .51W2 .5119 .5C56 .4.971 .4.9 1 .48'>41 .117As .41P65 .45/9 . 1.4 I .4i0) .5206
I1PLL OPT... 16125C 219.A&7 258.149 2Hl.2 k 9.26 309,6 326,71 3140.4 9 V.1,I. 360.53 7 . h9 140.69
IIPL.L VAC 254.25 27F.17 299.00 314.51 51.53 311.69 3105.95 3 5. 4 363.03 310.21 111.63 ?I,I.dC
EFSILCI .C25 ?1.421 2.265 1.310 5.017 6.611 11.651 20.7C1 36.9f1 66.14'. 118.5C9 1.000

"S IFTINt EXPANSION
PRESSLRE PSIA 300. 134.7 60.49 27. 16 11.70 12.20 5.111? 2.460 1. 1C4 .496 .22 .100 I11.3

JEOP, CEO ! 759.1. 351.t. 3.14b.5A 2872. 9 2671 .1 2610.3 2 3471 .is2071.C 145.5 31h12. r 14.16.4 13811.5_il5S.50.
ENTI-ALPY 1-) -4.1. 22.34 50.00 14F. 4 92.16 97.1 I 117.d1 134.13 IO. I5 163.46 V4I.?12 1d6.115 I5.1.9
x BAR 5.41.9 5.3sc 5.252 5.1148 5.091 5.OPO 5.04C 5.CC2 4.99C 4.911 . bS 4.7 r96 5.361
h 5.1 39 5. Sc j.232 5b.148 5.094 5.090 5. 5.1.02 4.,99 1.9k-2 A'.969 1.93d 9 5.161
CP 1.513C 1.1.71 1.3C60 1.1.55 1.006C .9612 .7765 .6269 .5467 2.0595 1.4502 2.26A3 1.4560
1P40L CPT 163.6 22ý).W 269.17 295. 44 503.07 !30,45 f52.92 311.1• 3F6.12 399.94 111 1.7S 1 5.09
I1PP4L VAC 26C.46 2F4.50 316.61 33b.60 34C.P.9 !61.34 37e.57 192.1.1 4C4.19 0.15.53_ 125..73 256.59Y.
EPSILCN 1.C30! 1.508 2.528 A.911 If.4u V. 153 11.95? 21.112 50.911 1C1.192 M02.088 1.00u

COMPOSITION SHIFTING IM0L/ICC (,k)
1!2.6C e 0CC24 ,CIl .0C4 *OCO2 OOCI COO0 .COC .0COC GOCCC CCCO ,COCC .C00O .0014
-k5.47 0.F . .t I7 1.5132 1.5141 1.5C35 1.499t 9 1.49e 1 .1491.2 .1.g9CU 1..4eik 1.1931 1.51.3 1.5641 1.5146

-113.OC d.4.0 .6305 .69C04 14176 ."C00 o 8365 .15.70 .881 .91v1 .35j4 .9224 .0360 .1266 .6730
-1!3.E4e1 15e. .C129 .0C92 .00611 .OC'.1. .0035 .00320.02 .O01; 3 .00013 d .C005 .0005 .0005 .0102

227C.0C e.F ,CC07 0OCC6 .CC06 .00C5 .OOC5 .C006 .000? .0011 .OC24 ,CC69 .C It4 .0446 .000C
114.76 Ft0 ,CCOI .CCc ,CCCC ,COOC .OOCO CCCO ,CCfC COC00 0OCC .COO(0 .0OC0 .0000 ,oo01
-11.13 .-1-.e .2625 .2062 .2508 .2401 .2294 .2251 .2063 .111 .1525 .111 .0657 .0454 .2591
-1!5.32 0*01C2 ,C260 .C265 .C261 .024b .0231 .022S .0190 .0147 .0099 .C05? .00;,O C009 .0261

6. CC B-1-?2 ,CCIC .CCC5 .CCC2 .COI .0OOI .0001 0OOC ,CQCO . Oto C.CCC OO;CC .COCO .Co00
-15.0C Fo-ý202 .CCCC .CCC OCCC .0C00 OOCO .0000 .CcC0 .Coco .COC .0000 .0000 .0000 .0000

10.0C 09F 5 OCO. l .00,0 .0000 . .000,OOCO .0000 0O0CO .001.0 .000 .0000 .0000 .000u .0000
-26E.0C P*F9o0! .C0CO ,OCCC ,0C0O 0000 .00OCO .0000 0oco ".0000 . .OCO .COCO .00Co 0OCO .0000

5.71 eC(' .196B .14,t! IC. r .0674 .0438 .0376 .0167 ,f1SI C 001.._01 O 0000 c COCO .1624
-1k.CC 1eC2 .CC6p .Cc0 I .0C35 C0022 .0013 .0011 .COC4 .C&0l .00C .C000 .0000 .0000 .005b
199.3C P2 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .000o .000u .0000 .000,

-111.6C 02-C2 .C152 .016? .01, 5 .0205 .0224 .0230 .0263 .0311 .o34r .0443 .01, 9 .C071 .0165
.210.1IC 02-! .CC016 ,CC20 0G26 0CC34 .00•4 l_- J.0•' 0054 .00,1 .0119 .C1.7 .C064 ,0M41 C0019

-547.0C 83*F.4C. .C0CO OC ,,C .000 .COCC0 .0000 .0 COCO . COCO OOCC .C006 .0015 .0036 .0000
-541.69 0301-IC.6 COO .0000 .0000 D000o .O00o .0000 OO0O .0OCO -_ O000 .0000 OOCO .0000 .0000

18.et F 0CC22 ,OCC; .0005 OCOI I0 OOCO .0000 .OOCO .0000 .0000 .0000 .0000 .0000 .0011
t41.5C0 F - .2661 .2195 .1It3 .1301 .0998 .c9lO .0569 .0299 .0124 .C007 .0041 .0C3S .2335

-26. 0C FP1-. .coo0 .OCC .OCCO .OCCO .0OCO .0000 .0000 0COCO COC .COO .0000 .0000 .000u
32.1.C Foe 0 O0OO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .OOCO .0000

.CC F2 .C0CO .00CC .OCO0 .0000 .0000 .000 .0000 .00CC .COCO .00C .0000 .OOC .000C
52.10 1- .6973 !13? .32 Wb 2523 .1679 .14.54- .06~75 .0222 C0016 _.0008 C0Q41 .0002 .58504
9.3! t-. .C55 .oc25 .066o .0 ... 00- .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0032
.CC l-2 1.7611 1.M126 1.9906 2.0a&6 2.1554 2,1t140 2.2443 k.2966 2.3319 2.351$ 2.3856 2.4019 1.8011

-57.8C 1-20 .C250 .0192 .0138 .0092 .0063 .0055 .C028 .0011 0OOC3 .0CO1 .0000 .0000 .0209
59.5 c ,C._12 Q.kCAo .0001 .Coo0 .OOCO .0000 .0000 ,00CO ,COjQG .. ,..cc _OCoco.OOJL.

.C00 C2 .cCO .00CC .CCCO OCCO .0 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
31. IC 03 .OCO0 .0000 OUO0 .O0OQ .000.- .0000 .0000 .0000 0000 .0000 .0000 . .OOO .0000

-3C5.31 e2.3/0C .CCOC 0OCCC OCOO .0000 .00C0 C0000 .0000 .0OCO .OOC .C109 .0841 .1116 .0000
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PRESSURE PROFILE CATA
SYSIEP Ll(bC BIPRCPELLLANI PC 3OC. PSIA
COmPONEnT 714F FORMULA t6Ph$ITY HEAT FORM wy. 0/0

LEG X 600/CC IKCAL/FMRM'.WIJ
12H 0.02 I.5! 43.5 72.

i9u d5-1-9 0.62C 4714 2E.-

bULK OkttSIjY a 1.04 GMLCC
P'XTLRE RATIO - 2.571 Lb OXICIZER ILB Of FLEL

PRESSURE PROFILE CATA

CHAPHEI FNTRCPY 310.74 EU/IO06S

CVAk8ER THROAT

FROZEN 6XPANSICK
PRESSLRE, PSIA 3CC.C 125.1 52.66 22.06 14,10 9.244 3.873 1.623 .6eC.. .20S .119 _.050 -16S.1
TEPP, CEO K 421C.4 15CI.3 2904.8 2403.8 2198.2 1983.3 1630.5 1334.8 1087.6 881.8 (11.0 569.9 4113.3
ENTI.ALPY TO -. 1 26.C4~ 54.40 17.90 87.44 97.32 111.31 126.44. 13%.16 14S.P.7 152.92 158,59 15.88
CP .0462 .47P1' .4723 .465 .4619 .4577 .4486 .4oVI .42,S .4 1ic .4070 .5960 .4803
|•PPL_ CPT 112,34 233.1e 277.5 2PB.29 •02 32O..00 342.11 355.48 565.99 '74,2 7 3FC.0 144.42
]pPL2 VAC 262.53 288.48 312.54 322.14 331.91 341.27 359.43 369.06 376.69 3b2.11 387.4S 258.51
EPS11CN I.C42 1.524. 20560 - A,~ Jp3ý3 45- .34r 15.495 28.998 54.502 1C.Q.Sl 192.P65. 4.000 -

$H~f1fitF.--XAAPS JQON
PRESSLRE, PSIA 3CC.C 125.7 52.66 22.06 14.70 9.24i 3.e13 1.623 .6E0 .2865 . 1 -9 .050 - 11.3
1188P, I.EG K 4210.4 J , S.4 5 1e.1 3226.9 3100.? 2961.4 2113.0 2412.0 2231.5 2004.1 161.6 1655.0 3968,*
EKT8ALPN I-) -t.IC 21. 1t 58.65 86.•3 98.93 112.13 11.b1 155.31 173.58 189.82 204.27 217.23 15.10
X BAR 5.1 5 5.OC9 4.P91 4.182 4.135 k.684 A.597 4.524 .- 4,45 4.412 h. 35 -- 4,293 -. 053
F 5.1I5 5.CC9 4.b91 4.702 4.715 4.606 4.597 ? 4.524 4.465 4.412 .35 3 4.293 5.053
CP I.l~dl 1.1100 1.64214 1 .54h0 1.8ii43 1.21801.10086 .8440 .8662 .94?10 9650 1.729U
IPPuL OPT 175.1b 240.91 2b7.37 30S.21 323.40 !52,68 377.0' 3997.56 414.94 429tb2 442.15 142.06
1_P8L.LVAC 2170. I' 3C2.70 333.79 346.18 36C.48 383.25 402.6O 419.25 453.31 445.72 456.62 264.09
EPSILCN 1.C61 1.645 2.955 3.971 5.630 11.019 22. 1H0 44.734 9C.7b4 186.947 39.1438 1.000

.CMPCSITION SHIFTING' IP8L/IO0 GMI.
1?2.6C P .CC20 .OCC9 .cco4 .0001 .0001 .0001 Coo_ .c0o .00 _COCO .oCCO .0000 .0000 .0012
-45.47 @*F .9957 .9662 .9449 O97 9209 ,9135 .9008 ,•./6 .0136 .8438 .7935 .7315 .9152

-143.CC eF8C .8417 .93J5 1.011 1.0924 1.1246 1.1589 1.2158 1.2619 1.295C 1.3135 1.5213 1.3243 .901d
-133.64 6.r2 .024S .0119 .0133 .0100 .0068 .00o8 .0063 .0055 .0051 .0048 .003d .002b .0700
-210.OC 003' CC70Ocl .01 OCIB .001b .0019 .0021 .0029 COSO0 .0126 .03113 _.0"71 .1441 .0019

114.1`6 eH CCO I.OCCO .COO . .0000 .00G0 .0000 .C000 .0000 .0000 .00CC .00co .0000 .0-00
-4 7. 1 ! B80 . 1C I CsSc .0F67 .0160.0102 .0641 .10481! -0341 29.Q L 06...1

-135.32 P*80C2 .021? .0222 .0213 .0197 .017A .0160 .0121 .0o -.0045 .0023 .00,l .0010 .0222
66.C0C0 .2 ,CCO2 ,GCl .OCCO OCOO . 0OCO .0000 .0000 .0000 .0000 .0OCO .0000 .0000 .0001

- cBC e 8P2-.02 .COO0 OCOO .OCO0 .0000 ,COCO .0000 .0000 .0ooc ,COCO COCC .0000 .0000 .000o
Ie.CC 8.03 ,CCCO ,CO00 0OOCC CCOC OOCO Coco .0000 .0000_ . 0 .C 0CCOC .0000 .0000 .0000

-238.6C 8.83*03 .COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .00CO .0000 .0000 .0000 .0000
5.14 W. .2C4? .1576 .1139 .0160 .06C9 .045F .0231 .0098 .0029 .0CC? .000? .0001 .*1741

-1:4.CC eC2 ,C163 .013C .0095 .0063 .0050 .00ei f0018 .676W .00o2 .C000 .0000 .0000 -o.04
199.30 e2 .CCOCOC.0CC .0000 .0C00 OOCO .0000 C00C0 .0000 .0000 .00CC .0000 .0000 .0000

-111.6C 02002 ,CT3- .0032 .0029 .0024 .0022 .0019 .00,14 .000a .ook .0002 .0001 .0001 .0033
-21o.1c 02.C! .CC06 .0occ .0008 .0008 .0oc8 .000? .C006 .0004 .0002 .0001 .CO) .0001 .0001
-57.0c e3.F'*.3 .COCO .0000 .OCO .0000 .00O0 .0000 .000- 0 --. 0000 .00 00 .00--O0---0000 "0000 .0O000 6o0o0
-541.69 eP3v.3C8 .COC .OcCC .OCO ,OCOO .0000 -. 0000- .0000 O 0000 ...00C0 .C0000 .0000 .0000 .0000

18.86 F ,C281 .0142 .0067 .0030 .0020 .0012 .0004 .0001 .0000 .00O0 .0000 .0000 .0183
-64.5C F0. .?483 .1114 .6662 .6180 .5958 .5712 .5284 .4,899 .4499 .3848 .2812 .16?3 .7511
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PRESSURE PROFILE DATA
SYSTEP LICUID PIPROPELLANT PC 300. PSIA
COMPOKFNT TREF FORMULA DENSITY HEAT FORM wt. 0/0

DEC K GM/CC (KCAL/FORM.WT.|
12e OF2 1.53 +3.5 77.
298 85.Hq 0.62C +7.74 23.

eULK CENSITY 1 1.144 GM/CC
PIXTURE RATIO * 3.348 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

C9AMSER ENTROPY 297.57 EU/IOOGMS

C1A9bER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 3C0.0 125.7 52.66 22.C6 14.70 9.244 3.873 1.623 .680 .28S .119 .050 165.2
TEMP, DIG K 4534.2 3753.9 3101.5 2556.3 2333.7 2101.4 1721.5 1404.8 1141.1 922.4 741.7 593.1 3983.9
ENTI-ALPY (-4 -1.E1 26.86 55.54 79.21 88.79 98.69 114.69 127.76 138.41 147.04 154.C0 159.57 16.68
CP .44f5 .4420 .4370 .4314 .4284 .4247 .4168 .4082 .3991 .3896 .3801 .3704 .4433
I|PLL OPT 173.68 234.76 775.15 289.8q 304.39 326.44 343.42 356.66 367.03 375.19 381.60 145.97
IMPIL VAC 264.37 290.19 314.13 323.66 333.36 348.57 360.59 370.08 377.37 383.48 388.12 260.49
EPSILON 1.041 1.!18 2.548 3.315 4.519 8.239 15.255 28.478 S3.392 100.239 188.092 1.000

ShIFTING EXPANSION
PRESSURE, P61A 300.0 125.7 52.66 22.C6 14.70 9.244 3.873 1.6?3 .680 .285 .119 .050 172.0
TEPP, DEG K 4534.2 4173.3 3847.9 3550.7 3420.1 3277.2 3025.0 2790.6 2569.0 23S3.9 2142.3 1951.1 4298.8
ETI-ALPY (-I -I.El 28.21 60.55 e9.65 1C2.24 115.88 139.54 160.91 180.23 197.64 213.30 227.34 15.69
X BAR 4.853 4.726 4.608 4.497 4.448 4.394 4.298 4.209 4.129 4.060 4.000 3.942 4.771
N 4.853 4.726 4.608 4.497 4.448 4.394 4.298 4.209 4.129 4.060 4.000 3.942 4.771
CP 2.1379 2.0462 1.9161 1.7772 1.7152 1.6477 1.5195 1.3727 1.1937 1.0048 .8904 .9955 2.0850
IMPLL OPT 177.03 243.87 291.19 309.41 328.03 358.03 383.12 404.46 422.77 438.59 452.29 142.98
IMPLL VAC 273.35 3C6.73 338.60 351.92 365.99 389.43 409.63 427.13 442.31 455.48 467.00 266.98
EPSILON 1.063 1.056 2.9a4 4.013 5.695 11.244 22.659 46.265 95.167 196.369 407.885 1.000

COPPOSITION SHIFTING IMOL/100 GM)
132.60 E .0015 .0007 ,0C03 .0001 .COCI .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0009
-45.47 e*F .6515 .5914 .5?91 .4969 .48C7 .4648 .4411 .4233 .4092 .3962 .3784 .1432 .6122

-143.00 e.F.C .d7t9 .9814 1.Ob? 1.1605 1.1954 1.2318 1.2900 1.3359 1.3705 1.3948 1.4100 1.4177 .9447
-133.84 BeF2 .0313 .0223 .0158 .0113 .0097 .0082 .0062 .0049 .0041 .0036 .0034 .0031 .0253
-270.00 e*F3 .0C34 .0C29 .0C25 .0023 .0022 .0022 .0024 .0029 .0042 .0079 .0196 .0518 .0031

114.76 .- H .COCO .0000 .OCOO .0000 .COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-47.13 E8H*C .03e9 .0354 .0!22 .029C .C274 .025S .0214 .0170 .0124 .0083 .0049 .0028 .0366

-135.32 00HC2 .C137 .0148 .0155 .0156 .0153 .0147 .0128 .0101 .0072 .0045 .002S .0014 .0144
b6.00 8e.2 .OCCO .Oco0 .Oc0o .0000 .0OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-45.00 e*H2.02 .OCCO .OCO0 .Oc00 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
l.00 e8.l .COCO .0000 .OCo0 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-238.60 0043-03 .C0CO 0000 *OC0o .0000 *OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
5.7,4 8.4 .1767 .1465 .1161 .0868 *0739 .0601 .0379 .0213 .0103 .0040 .0012 .0003 .1574

-84.00 B*CZ .C239 .0226 .0199 .OS9 .C138 .0114 .0072 .0039 .0018 .0006 .0002 .0000 .0232
199.30 P2 .OOC .0000 OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-111.60 e2.02 .0010 .OCO9 .0C08 ,00C6 .0006 .0005 .0004 .0003 .0002 .0001 .0000 .0000 .0009
-21O.1o 8e233 ,00C3 .0003 .0C04 .0004 ,COC4 .0004 .0003 .0003 .0002 .0001 .OOC .0000 .0003
-567.00 E30F3*C3 .COCO .0000 .0co0 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-541.69 P3aH3*C6 .OOCO .0000 0o000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

18.86 F .1315 .0844 .0102 .0274 .0201 .0138 .0063 .0027 .0010 .0003 .0001 .0000 .0998
-64.50 FeH 1.11;3 1.1413 1.1467 1.137? 1.1297 1.1186 1.0950 1.0715 1.0503 1.0295 .9978 .9295 1.1353
-26.10 F.HaC .CCo .0000 .000 .0000 .O00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

32.40 F.C .OOCO .0000 .OCOO .0000 .OOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 F2 .0OCO .0000 ,OCOo .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 t- 1.1243 1.0522 .9658 .8597 .8031 .7336 .5929 .4475 .3076 .1848 .0928 .0420 1.0795
9.33 1,90 .0829 .0613 .0420 .0260 .0200 .0143 .0069 .0028 .0010 .0003 .0000 .0000 .0669

.00 1.2 .4086 .4465 .4q96 5696 .6078 .6548 .7492 .8454 .9365 1.0170 1.0852 1.1485 .4313
-57.80 H2-0 .04C1 .0394 .0377 .0347 .0328 .0303 .0246 .0185 .0126 .0077 .0041 .0021 .0397
59.56 0 .1228 .0790 .0451 .0223 ,0152 .0093 .0032 .0009 .0002 .0000 .0000 .0000 .0937

.00 C2 .0047 .0027 00C1l .0005 .00C3 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0034
34.10 C3 .00(o .0000 .Ocoo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000-194-
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PRESSURE PROFILE DATA
SYSTEP LICUID 8IPROPELLANT PC 300. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEC K GM/CC IKCAL/FORM.WT.)
128 OF2 1.53 #3.5 8C.
298 85-H9 0.620 *7.74 20.

PULK DENSITY * 1.183 GM/CC
MIXTURE RATIO * 4.000 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE OATA

C0AR8ER ENTROPY 286.46 EU/IOOGMS

ChAPBER THROAT

FROZEN FXPANSION
PKESSURE. PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .680 .285 .119 .050 164.0
TEMP. DE0 K 4665.6 3851.0 3172.3 2607.0 2376.7 7136.8 1745.4 1420.2 1150.2 927.1 743.3 592.9 4084.5
ENTSALPY 1-1 -7.64 26.69 55.00 78.30 87.70 97.41 113.06 125.81 136.17 144.54 151.27 156.65 16.89
CP .4235 .4193 .4147 .4094 .4067 .4033 .3959 .3878 .3793 .3705 .3618 .3531 .4206
IMPLL OPT 112.81 233.43 273.42 287.SP 302.30 324.03 340.73 353.70 363.85 371.81 378.05 146.07
IMPLL VAC 262.91 2M8.37 311.97 321.35 330.88 345.81 357.58 366.65 374.15 379.89 304.39 259.12
EPSILON 1.040 1.513 2.534 3.293 4.484 8.155 15.061 28.048 52.452 98.232 183.903 1.000

SHIFTING EXPANSION
PAESSURE, PSIA 300.0 125.7 !2.66 22.06 14.70 9.244 3.873 1.673 .680 .285 .119 .050 173.0
TEMP, DEG K 4665.6 4318.1 4005.4 3727.2 36C3.5 3467.2 3222.9 2991.2 2770.6 2560.0 2356.2 2153.1 4440.7
ENSALPY (-) -7.64 28.15 60.42 8q.63 1C2.34 116.14 140.23 162.10 181.95 199.97 216.27 230.99 15.44
X BAR 4.677 4.547 4.427 4.316 4.267 4.213 4.116 4.029 3.947 3.872 1.8CS 3.749 4.593
N 4.677 4.547 4.427 4.316 4.267 4.213 4.118 4.029 3.947 3.872 3.805 3.749 4.593
CP 2.45C9 ?.4176 2.3119 2.1482 2.0579 1.9485 1.7416 1.54A6 1.3773 1.2069 1.0219 .8394 2.4413
I1PLL OFT 176.44 243.33 290.90 309.31 328.15 358.66 384.26 406.12 424.98 441.35 455.63 141.68
IPPLL VAC 272.64 306.37 338.70 352.29 366.64 390.65 411.38 42q.40 445.14 458.91 470.94 266.15
EPSILON 1.064 1.E64 3.012 4.065 '.787 11.482 23.228 47.597 98.399 204.562 425.832 1.000

COMPOSITION SHIFTING (MOL/IO0 GM)
132.60 F .0010 .OCOS .0002 .0001 .CO1 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0007
-45.47 0eF .49E0 .4313 .3(79 .3096 .2845 .2580 .2149 .1814 .1563 .1375 .1223 .1082 .4555

-143.00 e*F*C .8514 .9536 1.0487 1.1353 1.1727 1.2125 1.2793 1.3347 1.3791 1.4136 1.4395 1.4580 .9168
-133.84 E.F2 .0353 .0250 .0171 .0114 .0094 .0075 .0049 .0032 .0022 .0016 .0013 .001 .0285
-210.00 E8F3 .0049 .0042 .0034 .0028 .0025 .0022 .0019 .0017 .0017 .0021 .0033 .0069 .0044

114.76 8*H oCCO O0O0 O0O0 .0000 0COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-47.13 8e.14 .0194 .0166 .0143 .0124 .0117 .0109 .0095 .0082 .0068 .0053 .0038 .0024 .0176

-135.32 e*H*C2 .0088 .0094 .0101 .0108 .0111 .0116 .0122 .0122 .0113 .0094 .0069 .0044 .0092
66.00 8e12 .COCO .0000 .0CO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-45.00 e*12*02 .0cc0 .0co0 .0C00 .0000 .OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.0O 8eH3 .0cco .0000 .0000 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-238.60 e•3•.3 0OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
5.74 e8. .1385 .1166 .0558 .0764 .0678 .0584 .0420 .0278 .016S .0085 .0036 .0012 .1245

-84.00 E802 .0244 .0248 .0244 .0232 .0223 .0210 .017s .0130 .0083 .0044 .0019 .0006 .0247
199.30 e2 .COCO .OCOC .OCO .0000 .COC0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-111.60 P2*02 .OOCS .0004 .0003 .0002 .0002 .0002 .0002 .0001 .0001 .0001 .0000 .0000 .0004
-210.10 2003 .OOC2 .0002 .0C02 .0002 .0002 .0002 .0003 .0003 .0002 .0002 .0001 .0001 .0002
-567.00 83.F3*.3 .00C0 .0coo .OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-541.69 83.H3.06 00CO .0000 ,OCOO .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

18.86 F .2631 .1935 .I1ss .0891 .0713 .0541 .0297 .0146 .0064 .0025 .0008 .0002 .2177
-64.50 FPm 1.2612 1.3221 1.3t63 1.3978 1.4082 1.4167 1.4237 1.4206, 1.4115 1.3948 1.3878 1.3735 1.3028
-26.10 F*Hfc .0000 .0000 .OCOO .0000 .o00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

32.40 Fee .C0CO .0000 .0COO .0000 COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 F2 .00CC .0000 0COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

32.10 1- .9572 -. 9113 8E40 .8112 .7833 .7480 .6691 .57C8 .4557 .3329 .2151 .t159 .9281
9.33 I9- IC36 .0854 .0f86 .0530 .0462 .0387 .0259 .OlS2 .0076 .0031 .0010 .0002 .0919

.00 f-2 .2175 .2224 .2!32 .2518 .2639 .2810 .323? .3815 .4518 .S281 .6021 .6670 .2200
-57.80 5-;,3 .0300 .0299 .0299 .0303 .0305 .0307 .0308 .0296 .0264 .0213 .0153 .0095 .0299
59.5b c .2444 .1899 .1400 .0957 .0775 .0589 .0312 .0136 .004? .0012 .0002 .0000 .2095

.00 C2 .0131 .0099 .0070 .0045 ,C035 .0026 .0012 .0004 .0001 .0000 .0000 .0000 .0111
34.10 C3 .000 .0000 .0CO0 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000-196-



III10: 100400 ' ,P 1OPELL4NT PC 330. #0 28
CIMPWe NT 0006 POALLA 090S0TV 1Mi4! FOEM WT. 310

DEC * GMICC IKC60.FP306.0T.

2110 0.2 1.3L *h. 0I.
290 09.09 0.620 1.704 20.

FROM|1 EXPANSION
C STAN * 643S0. FT/CSE

EPSILON PC/U P P1.4 TEMP ENTO.LPY CM 041/ 0 OPT 1 L¥AC CILVAC , - 18 I AT I AT I "AI CIF SI4 IF w4
CEO K 004Lj00006 CM CEO /P LVI 10000 SCaco LVL

2.0co 300,C00 *466S.4 .6. .92*
1.000 0.M20 163.9A6 .0.4.. -16.89 .:21 14.0 110.1 .690 219.0 212.0 :21.9 259.1 1.20*4 1.23
2.000 9,910 30.203 2033.2 -09.,02 .4|2 200.0 90.9 2.430 200.2 281.4 299.9 302.9 1,309 1.462

3.000 17.102 06.100 2453.2 -06.50 ., 08 203.1 35.0 2.079 280?. 296.9 314.6 310.2 1.391 1.330
4.000 27.491 100929 2221.9 -43.97 .403 291.3 30.2 2*064 299.2 322.0 320.0 0.983
1.00 30.322 7.@31 201 8. -IC00.5 .40? 3064. 2?.1 3.461 128.0 333. 2.4
6.000 TO !20312 .9S 193.2 -0(5.30 .400 313.17 29.9 4.105 391.0 330.0 A.41
0.000 02.300 5.160 1130.2 -IC9.94 .390 309.1 23.3 9.0?1 336.0 392.4 0.49.
0.000 105.1203 .900 196.0 -202.60 .394 323.9 22.0 5.520 34.0 365.4 1.170

9.000 09.M0 T 3.390 1600.4 -112.30 .39S 321.0 20.9 0.248 337.0 141.9 2.602
00,000 0¢5.000 2.015 1629.6 -1W.63 .193 330.1 19.9 4.900 339.2 330.0 2.692

00.000 120.0*0 2,905 I131.2 -119.65 .392 332.1 19.2 7.7113 330.0 35.9 0.
02.O00 134.428 2.196 IS32.0 -2i2.43 .391 33.1 10.5 W.410 339.0 353.4 2109
13.000 192.520 1.961 14912. -223.02 .390 '33.1 00.9 9.095 339.5 315.0 h1.2

06.000 08.323 1 .002 124954 -224.64 .309 339.0 10.4 9.130 339.7 314.3 1.23
11.000 103.931 1.131 1422.1 -125.74 .38M 340.6 14.9 20.349 350.5 1.028
16.000 2 12002 1.900 2391.0 -226.92 .300 352.2 16.4 21.075 350.4 2.034
11.00 220.819 1,300 2343.2 -200.02 .306 393.5 16.0 11.010 339.4 1..3.

18.000 240.117 1.299 0737.1 -•29.02 .365 34.8 03.7 22.596 360.5 146

19.000 22:,11 1:0151 1312.9 -*1 9.94 .383*4.0 23.3 23.277 341.3 1.191
20.000 2'9.52' 2.073 I2qO.3 -130.02 .36* 390.1 05.0 14.000 362.1 13000
11.000 291,123 0.002 0299.2 -270.44 .303 390.2 09.0 29.134 342.0 1,114

22.000 309.422 .930 1229.3 -202.40 .300 349.0 14.5 2S.490 343.5 2.011
23.000 339.,09 .003 U230.6 -173.11 .162 349.9 24.2 24.003 364.1 0.0
24.000 380.004 .033 2212.9 -073.19 .902 350.0 24.0 24.704 344.0 1.74323.000 300.2•1 .119 0194.2 -219.62 .301 352.6 03.0 20.939 365.3 2.144

24.000 600.302 .049 2280.3 -205.03 .340 352.3 23.5 20.005 361.0 2.169

20.000 420.3*0 .02* 1161.2 -275.40 .330 353.0 13.3 20.700 346.3 1.701
28.000 5*0.320 .002 2150.9 -076.19 .730 3*3.1 03.2 23.322 344.0 1.103

29.000 983.201 .060 2137.2 -204.40 .309 316.3 11.0 2a.036 347.3 2104

30.000 906.644 .024 0224.1 -1071.6 .310 359.9 22.0 20.,TOO 361.1 2.0770

30.000 500.303 .000 2110.5 -277.66 .308 355.1 22.4 21.506 360.0 1.10032.000 114.90 .542 0099. -271.09 .300 306.1 02.5 22.23 340.1 2.700

3 3 .0 0 0 0 1 5 .7 00 . 3 0 1 0 8 1.9 - 1 7 0.5 5 .3 0 7 3 94 .4 1 2 .3 2 2 .9 7 2 3 64 0. 1 .1 03

39.000 183.320 .•1* 2006.3 -278.94 .iO; 310.2 02.2 23.,003 369.3 21054
35.000 408,101 .993 2044.2 29.39*3 .316 350.0 22.2 24.630 349.6 1'080

34.000 433.0*0 .979 1015.9 -279.73 .304 350.1 01.9 20.057 300.0 2.009
37.000 450.240 .946 2044.0 -1*0.20 .300 350.5 11.0 20.010 370.3 2.090
38.000 40(3.312 .439 1036.4 -290.44 .303 30 0 .9 12.0 24.94 370.6 1.092

29.000 1€0.992 .923 1020.2 -200.82 .371 319.4 01.4 20.,301 370.9 1.093
90.300 734.301 .901 2000.3 -161.2* .374 319.0 02.6 2,0.0 300.2 2.190
51.000 180.029 .390 100 9.4 -262.40 .:1 * 300.2 11.3 2 0.109 371.3 1 94

a 2 . 0 0 0 0 5. 4 0 0 . 0 0 2 10 0 0. 3 - 2 9 2 . 0 0 . 3 0 * 3 40 . s1 2 . 2 2 9. 4 0 2 3 01 . 0 1, 7

43.000 000.323 .010 9*3.2 -242.00 ,373 340.9 12.2 30.005 372.0 1.199
4 6.000 03 0 .050 9 9 .3 - 2230 .073 361.3 22.0 30.042 372.3 2.000

"4 '.000 042,6*5 .148 970.7 -142.66 .373 342.4 00.9 31 . 31 312.5 2.001

*6.000 000.303 .738 910.3 -124.93 .302 342.9 20.0 32.093 312.0 2.0o2

51 . 0 0 0 91 4 .0 2 9 . 0 2 . 9 43 . 1 - 1 93 . 20 . 3 02 3 46 . 2 1 2 0 . 3 2 . 0 4 4 3 13 . 0 2. 00 3

*8.00 3 .303 356.2 -143.66 .312 342.6 20.0 33.392 303.2 2.004

99.000 985.242 .392 949.3 -123.72 .31 302.9 10.4 36.020 303.6 2.805

50 . 0 0 0 9 10 . 1 0 0 . 40 3 91 2. 4 - 24 3 . 9 4 . 12 3 4 1 . 2 20. 3 3 9. 6 5 0 3 03 . 0 2. 0 0 4

3 .29. 20.624 25.094 2306.7 -60.70 .600 23 0.0 33.6 2.270 2 08 .0 290.0 307.0 02 0.3 I2.3 2 1 13

90606 1 3P410220.

0 904•0 96.3.6 PT/5EC

60500.04 Pe/0 4. P024 lOP 040T.41P0 CM 041/ 2 OPT OELoOC (EtoaC 2 008 2 40 2 40 0 240 CF 084 CM tIC
000 004 0200IOGM GM DOG 2P 191 20000 50000 L91

1.000 300.000 4445.4 0 7.* 31 2.6
0.000 4 1 261 003.0 25 *6*0 .7 - 2 .4 * 2.6*2 262.0 224 .5 .1 29 251.4 2 0 2 46 .9 2 46 .0 2.233 2.20

2.000 0.920 30.038 3920.5 -70.62 0.264 262.0 44.2 2.502 093.0 302.3 305.0 31.6 2.370 0.601
3.000 13.309 22. *031 )20.9 -09.64 2.069 290.6 90.9 2.060 306.0 324.3 339.0 330.5 1.620 0.349

9.000 09.992 05.000 3609.9 -20* 60 2.043 300.9 43.2 2.019 009.0 322.0 394.0 351*4 0.933 2.429

5.000 24.064 01.104 3522.5 -220.30 1*194 320.0 40.2 3,405 323.9 36.0 360.9 9,402
3.000 81.030 8.022 0413.0 -200.50 2.130 329.9 38.2 4.322 340.4 348.0 I*001

-. 000 aI.?7a 7.;SO 3396.9 -1.23.19 2090 337.3 36 11.013 345.2 313.8 1.032I. 0 0 0 4O 9 . 7 0 i. b3 1 3 3 9 0 .0 - 1 2 2 . 9 3 1 ,14 9 3 * 3 3 5 . 2 I . 2 3:4 0 . 4 3 0 . 2 . 0 5 6

9.000 90.090 5.092 3307.1 -222.03 1.926 350.4 34.0 4.504 310.9 302.4 2.013
10.000 43.020 9.5!9 32 00.4 -214.62 1. 02 353.0 33. 2 01264 3 73. 0 586.2 1.109

01.000 03,0 46 4,C70 3237.6 -2 0.8 11 :,7 :1 354.9 32.3 1.9*5 131 ? 309.3 10.04

02.000 82.009 3.09* 3200.9 -11,60. 21,29 360.9 32.4 0.634 310.3 312.2 0.02?
03.000 90.264 3.291 31000. -236.20 2.004 343.1 31.0 9.426 310.3 3994, 0,121
15.000 0I003N 2 2.199 301192 -146.4 2,.6 4 34.1 4 50.3 1 10.61S 019.0 3 8.0 01.039

15.000 009.403 2.133 3033.0 -4.09.* 244166 349.0 30.0 20.95* 300.2 390.9 0.0401 6 . 0 0 0 l 4 0 9. 2 2 , .2 0 3 1 0 0 .4 - 0 10 . 0 4 2.4 9 8 3 0 2 .3 2 9 .3 22..0 9 3 80 . 9 60 0 01 1 .1 3 0

00.000 021,110 2,330 3091.0 -212.03 2.631 373.9 29.2 12.951 902.9 4 02.4 0.044

00.000 010.003 2.209 3073.2 -96 .4 8 2. 6 1 3.4 2 0.1 23.260 3 02.0 40 9.3 0.153

19.000 094,902 2.092 3055.4 -154.23 2.600 300.0 20.4 23.092 302.0 403.0 0.000
200000 59.10 1.422 30391 0 :117.21 2*500 309.2 20.0 16,301 382,9 400.3 21i.0

20.000 005.273 1.014 3023.9 2•9.221.115s7 300.9 27.1 15.266 302.4 4001.4 0093
22.000 114.000 1.023 3000.5 -060.50 1.993 382.9 27.4 00.926 302.0 609.1 0.899

2 3 , 0 0 0 10 .258 9 0.I :0 2 9 9 4 . 6 - 2 0 0 . 6 1 2 9.5 9 3 03 . 9 2 .12 3 0 4.6 6 . 0 1 1 . 1.2 0 5

26.000 1*2.000 1S.36 2 96 0 .9 -I ,03.0 1 .190 31 , .3 2 4.9 1..290 4 12.3 1.900

2S3.00 203* TL0 1.90 2 2940S0 204.29 IT,30 304.7 26,.1 1.060 423.9 10919

24.000 203,392 1.603 2953.4 -005.30 2.522 300.0 26.4 00.825 919.6 1.920

I0
26.000 22a .000 1. 339 2943.0 -1 6.S3 1.63* 309.2 26.2 09.502 915.6 1.925

20.000 23.4.49 12179 29912. -187.69 1.302 390.3 24.0 20.332 604.3 10.29

2 9 1 00 0 2 -93 2 0 * 1 .2 2 3 2 92 1 . 3 " 1 !2. 0 1 1,4 9 6 39 2.4 2 5. 0 2 2.3 0 6 *1 7 .3 S.9 3 3

30.000 251.909 0.272 2910.9 28•9.6 2404 * 36 92.0 29.6 20.004 910.2 0.937
31.000 206.492 1.025 2900,0 -1!0.36 1.?18 393.0 25.5 226429 919.0 1.941

32 .000 2 .0. 900 0.0 51 2 891 .0 - 21 0.2 9 1. 900 399.5 25.3 23.3A 2 91 9. 8 10. 99"3 . .0 0 0 2 0 0. 1 0 0 1. 0 9 2 2 6 01 . 5 - 21 2 .2 0 1 .4 63 3 9 5.9 2 5. 2 9. 2 2 92 0 .5 0.9 9 9

36.002 21 8.922 0.009 2 1 :2.3 -0I 2. 2 6 1. 14 394.3 09 29.070 921.3 0.932

36.000 31 9.0 45 .94 2 063.9 -01 3.02 2.969 39 0.2 2 6,0 2 1.40D 422.0 0.501

3 1.000 320.3 45 . 136 20 59 .0 01 62.49 0.992 3903. 29.1 2 4. 3 •3 622. 1 0.999

37,000 37.7002 .904 284.3 -17.1 24 294 390.9 29.3 27.291 923.64 0.42

30.000 391.0 1 .070 2038.9 -005.96 1.930 399. 29.4 27.772 429?. 0.949

39.000 352.310 .052 2030). -014.44 1.929 400.4 24.3 20.910 924.0 0.940
40.000 3 82.812 .620 2 022 .0 -010.3* 1.900 "0:,2 26.0 29.000 923. 3 1.49 1

9 0. 0 0 0 3 13 . 0 6 2 .1 0 3 2 0 9 - 0 0 0 . 0 0 1 . 9 02 60 2. 9 2 9. 0 2 9. 07 2 92 3. 9 0. 9 03

92.300 303.039 .002 2900.2 -200.83 0.404 802.4 23.9 ,00516 624.5 ',0.9

93.000 394.23 .17 41 25 00.0 -01 9.20 0 .431 923.2 23.0 32.232 627.0 0.919

99.003 409.100 .192 2194.0 -019.09 0.394 903.9 23.0 30h900 420.4 0.60023.000 404.031 .123 2 701.9 -I0 0. 0 12.390 909.0 23.5 32, .91 420.1 1.909

16 *900 923.317 .5 00 2 003.0 -000.06 1. 301 600.3 23.4 33.213 42 8.4 L1.90

*0.003 935.230 .409 2704.9 -0.1.42 0.300 40.3 23.3 33.838 929. 3.900

90.30 499.903 .003 2040.2 -002.17 0.073 608.9 23.2 34.596 409.4 0.90 1

99.000 29 .91. 1 .11 13 2 042.0 -1 02.7 1 904 .9 23.0 3 4. 33 930 .0 0.993

0 . 0 0 3 &9 8 6 S9 0 . 1 3 9 2 0 3 4*0 - 1 03 . '2 1 . 3 4 4 4 0 0 . 9 23 . 0 36 . 0 4 9 30609 40. 9 9

6.04 3 20 .909 1 64 94 340 3.3 - 002.39 2 .0 50 30 9.3 4 *. 0 2 .62 9 30•3 9 . 32 .3 390.3 3492.3 0.933 1.432

I
I

33.00 8611? I.41 6815 112101.43 35. 251 4.18 40 S 1;4



PRESSURE PROFILE DATA
SYSTEP LICUID BIPROPELLANT PC 300. PS|A
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCAL/FORM.wT.)

12e O.P2 1.53 +3.5 Be.
29e 85*H9 0.620 +7.74 12.

PULK CENSITY 1 1.301 GM/CC
PIXTURE RATIO * 7.333 LB OXIDIZER I LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 259.77 EU/IOOGMS

CO-ApeER THROAT

FROZEN EXPANSION
PRESSURE, PS16 3CC.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .680 .285 .119 .050 163.8
1E8P, nEG K 4635.4 3781.4 3C77.7 2498.3 2264.2 2021.7 1630.0 1308.5 1045.5 831.3 658.0 518.4 4023.9
ENTHALPY I-) -7.17 23.59 48.65 69.03 71.16 85.55 98.89 109.63 118.23 125.08 130.52 134.82 14.89
ci .3621 .3583 .3t40 .3492 .3467 .3435 .3372 .3304 .3234 .3168 .3106 .304T .3595
IMPLL OPT 163.59 220.38 257.48 27C.89 284.01 303.76 318.77 330.29 339.20 346.11 351.46 138.53
IPPIL VAC 248.36 271.60 293.07 301.55 310.12 323.44 333.82 341.90 348.19 353.08 356.87 245.05
EPSILON 1.037 1.495 2.4?7 3.2C7 4.342 7.812 14.263 26.251 48.513 89.820 166.330 1.000

SHIFTING EXPANSION
PRESSURE. PSIA 300.0 12;.? 52.66 22.06 14.70 9.244 3.873 1.623 .680 .285 .119 .050 172.6
TEFP, DEG K 4635.4 4284.7 3969.2 3679.2 3550.8 3409.3 3160.3 2936.4 2738.7 2563.3 2404.3 2255.0 4407.8
ENTT-ALPP 1-) -7.17 25.04 54.00 80.12 91.44 103.71 125.03 144.33 161.86 17?.86 192.49 205.92 13.70
X BAR 4.242 4.119 4.COS 3.900 3.054 3.803 3.710 3.620 3.533 3.449 3.371 3.299 4.162
N 4.242 4.119 4.COS 3.900 3.834 3.803 3.710 3.620 3.533 3.449 3.371 3.299 4.162
CP 2.C932 2.0130 1.8715 1.7043 1.6346 1.5762 1.5494 1.6208 1.7143 1.7470 1.6670 1.4620 2.0534
IFPLL OPT 167.40 230.69 275.57 292.89 310.58 139.13 163.04 383.48 401.21 416.77 430.55 134.76
IMPLL VAC 258.54 290.26 320.59 333.29 346.67 369.02 388.36 405.29 420.26 433.58 445.49 252.46
EPSILON 1.063 1.e59 2.991 4.030 5.724 11.315 22.872 47.039 98.058 206.526 437.975 t.000

COPPOSITION SHIFTING IMOL/IO0 GM)
132.60 e .OOCl .0000 .OCOC .0000 COCO ooo00 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-45.47 P.F .1373 .0950 .0o03 .0344 ,C254 .0174 .0079 .0034 .0014 .0006 .0002 .0001 .1096

-143.00 8eFeC .7048 .7680 .8179 .8S24 .8628 .6698 .8692 .8524 .8245 .7909 .755S .7210 .7464
-133.84 d.F2 .04C4 .0287 .0196 .0128 .0104 .0081 .0049 .0029 .001? .0009 .0005 .0002 .0327
-270.00 E.F3 .0240 .0259 .0288 .0338 .0375 .0432 .0601 .0058 .1185 .1S48 .1917 .2270 .0252

114.76 Poe .0CC0 .OCOO .00O0 .0000 .0000 .0000 .00(0 .0000 .0000 .0000 .0000 .0000 .0000
-41.13 A*HoC .0011 .0006 .0Co03 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0008

-135.32 e.*-CZ .0015 .0012 .0C09 .0007 .0006 .0004 .0003 .0002 .0001 .0001 .0000 .0000 .0013
66.00 e*H2 .00C0 .0000 .OCOO .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 O000

-45.00 e*H2402 .000 .0000 .C000 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
18.00 8eH3 .OOC .0000 OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-238.60 e.H3.03 .00c0 .0000 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
5.74 0*0 .0265 .0171 .0100 .0051 .C036 .0023 .0009 .0003 .0001 .0000 .0000 .0000 .0203

-*4.00 8*02 .C140 .0132 .0120 .0104 .C096 .0085 .0065 .0048 .0035 .0025 .0019 .0014 .0135
199.30 B2 .00O .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-111.60 82*02 .OOCO .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-210.10 82#03 00O .0CO0 .OCO .0000 ,COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-567.00 E383*FC3 .0CCO .0000 .OCO0 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-541.69 E3.H13C6 .0OCO .0000 .O000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

18.86 F .9175 .8291 .7468 .6701 .6360 .5982 .5279 .4551 .3783 .2996 .2224 .149? .8605
-64.50 F.H 1.34t5 1.4318 1.SC08 1.5753 1.6019 1.6280 1.6641 1.6850 1.6961 1.7020 1.70s 1.7069 1.4017
-26.10 F*H*C .Q0Co .0000 .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
32.40 F*0 .0OC2 .0001 .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

.On Fl .0Ocl .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 I .23S6 .1833 .1313 .0855 .0672 .0494 .0256 .0126 .0062 .0031 .0016 .0008 .2033
9.33 F*-0 .0753 .0602 .0468 .0347 .0296 .0242 .0158 .0099 .0061 .0039 .0025 .0016 .0655

.00 1-2 .0162 .0110 .0C68 .0036 .0027 .0018 .0007 .0003 .0001 .0000 .0000 .0000 .0126
-51.80 -2*0 .00L6 .0C$2 .0C40 .0029 .0024 .0019 .0012 .0007 .0004 .0003 .0002 .0001 .005?

S9.56 C .5965 .5465 .4S68 .4442 .41?7 .3855 .3210 .2572 .2002 .1514 .1104 .0755 .5646
.00 02 .0938 .1015 .1139 .1340 .1466 .1639 .2039 .2496 .2956 .3390 .3786 .4143 .0982

34.10 C3 00C0 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-1N- .



SYSTE 3006M2EM864 PCUI 300.P
C5MP84E47 FIMM kL IN6 I590 0PC 27 37167SIA FORMP Mt. 328

06C K GM/CC 3KCAL/PF8ONM.67.7I

E833LO9 P028 P P53. 'I8P 1141711.19 CT 0602 I 11PT. ELVAC CELIAC I SEA I At I A' 3 TheCF SP 16 VPA86

OO30 CEO 6 86115 004 06 060 /9 L 000*002I .C 0.000 9631 ?.6 1.3?: .,36al2.
1.00 .82 63.7$*03. -9.6 .819* 33. 0. 69003.1 2)8.9 '2*3. 24S.1 3.207 .1,66

2.000 1021 .19 130.0 *53.63 .3.. 265.2 398 335 065. 7. 2E272903.9 .
13.000 18.497 16..2.1 21'138 -71S.38 .397 267.7 S1.$ 1.915 270.7 279.4 2 96.3 299.% 3.368 1.939S

9.000 28.127 10.443 2014:.1 :-340 .344 280ý.7 27.2 2.601 283.2 303.5 307. 1.578
.000 60.3t6 7.62, 1938.9 -,9.07 .342 269. 24. 3.710:3337 3608

A.000 13:279 9:.MI 379.61-3.32 .340 21.7 12.2,.1 3. 1. .2

8.000 80.379 3.3 33. 6 -99.3 .1317 306.4 391S 23o3. 323.9' 366
30.000 1112.673 2.663 34M9.4 -1303.1 .556 330.5 17.6 6.1604 33.A380t.133.000 329.517 2.310 3438.9 -1.9. 31t:353 332.M 36.9 7./MO 33.359.'.690

33.000 363.633 0.87Cc 139. -,10.0 33 336. 31. 6.4 337.8 332.9 3.704
34.000 180.476 1.362 374-0.3 .3 3.9 1. .2 3. .0

at00 3932 101 38.6 -330.642 .30 33. 347971346 379
3.00 23.*- .763*. -333.43 .329 32. 14.3 31.66 335.1 1.719

17.000 290.3 3. 1224.9 -3713 .328 327.4 39. 333736. 3.729418.000 283.469 3.347 3203.9 .313.135 .1211 573.1 33.6 31.867 33.I.239.000 2297 3. I 337.8 -333.92 .327 329.6 33.3 32.S46 337.9 1.752
20:.00 346 .91 3395.8 -314.66 .96321. 3301329a3.4. 1.735
21.000 3652:1 .939 331.7 -1393 32 379. 32,7 1387 339.2 1.739

22.00 39.44 86 3359 -399 32* 327.5 32.9 39.520 33.6..4
23.0e1o 83.* .10 397.6 -3163 S 92 32.3213.9 40.3 30.74

24.000 3S2.239 .365 3030.7 -370 ,.2 28.8 37. 3I7* 3I. .4

20.00 0 616.096 .32* 3069.1 337.6 .32 3291 33.8 161* 34. 3.49
26000 43S.817 k6 109. 333 .52 33. 3.3.933 4. .1
23.00 480.063 .612 303. 2 39 .31 3150911. 1 79234. .26.000 969.51 .98328 -339.0 .9a 93 113.3 38.281 342.6 3.71629.0 3.9 .IT 3l00.1 -339.61 .322 333.9 33.316.7 343.0 3.798.

0.000 *3I3 .1 I93 -339.8,6 .322 332.6 3,1.0 39.670 31143. .4
33.000 584.329 0352 98. -30232 332. 10. 20.,362 364 1.767,:"3.002 193.270 .!03 473.3 -320.2 .323a 337.4 30.7 21.092 344.31 3.764
3300 638I9 .9*905309 32133.9 30.5 21.3.71 34. 3.74

37000 613.4%3 .4991 95.9 -323.46 .3 20 539.6: 30. 2330 349.0 1.768'
36.00 13.281 .938 929.6 -323.91 .52 339.2 30.2 ?9.77 369.31 1.170
"37000, ; 72323 .533 920.3 -322.26 .321 0 1339.6 10.3 24.9739 549. 1.71

3900 79.9 . 58 90.2 .33.M .319 53.4. 1.9 6. 37743

93.0 00 _1273 7 69. -32.6 I.33 353.0 9.6 27.014 394.6 3.776

9.2.000 8,9.686 !1 .76873.1 -305.42 .33@ 597.3: 91: 22.66: 3466. 7

*1.000 96.938.73 95S19. -329.35 .38 358.2 9.3 2.0547. 3.783
96.500 982.732 .309 9983-29.9 1337 338.1 9.2 30.794 347.7 3.782

47.00100.82 29 91. -2.7 .33 35. 9.3, 10 30:,6M 397.93.8

99.000 3018.8N0 .083 626.2 -3251.3 .337 539.3 9.0 31.881 348.3 1.769

3.207 20C.43, 3.817 26. -77.35 :147 270.9 30. 2.8 275.9 280.3 296.0 503.51 1.388 3.349

C 96*61856 726
8853074 pu/p P1 P73T 509 CAL/3 01 I 897 DIL1CCfVAC 0 196 3 1( At 67 AT I TIC CF SE6 CP VIC

PSIC 8," 1AL/1.00030 8 /8 LVL 30000900 L:1I .000 500.000 9431.4 7.,17 20956 .2 5:o 5.1.00 3.3937.71 407.8. -33.70 2.0153 334.6 337.7 .6 2942912132 12.1 .3 .6
2.0 ?..e. 57.751 3866.4. 83.394 3.8311 246.2 52.9 16.40 260.5 286.4 2 98.6 301.0370 1. 47L11
3:.0000 53.452 :2.97 3478. -810.251 3.0 275.61 41. 2.064 290.6 299.7 337.2 520.7 3.420 3567
6.000 2023 36.83 315. g,3 3.65 29. :0.273293300 336.3 333.0 3.431 3.627
9000 27.2-.1 36.007 3*62.6 -99.310 3.999% 509.3 3.6 3.435 306.6 335. 363.7 3.670
6.000 34:581 8.7 3393.13 -30526 732.8 5 1.409 343.9 146. 3.72
7. 000 92.5 7.6 352. -301 53. 39.0 9.82 361.1 313. 7.729

3. 000 9092 1.80 22.9 -336.1 52. 320.7 922 368.4 3M2 379

3.:000 96.76 1.30252*.0. -336.2 55. 37829 3. 6. .7693000 84.99 483 3203.033.6 7945. 8 6.9 35. 393 .83300 7993 9.0 300 392 38.3 30.3 7.92 359.5 366.2 3.79932.000 73.703 3.564 531400.5 *3624.7 393.3 29.9 6.23 316. 570. 3.61
33000 52.975 3.227 5333.1 -329.8 3992I8.:894 397. 6 375.33.2

1.000 1133.69 2835064.7 -373.06 549.3 271.8 30.999 399.9 377.2 3.9"34.00 192 2.3 304. -30.6 753.57. 13.109 36.:390.12
37000 1150.976 2.093 5326.6 -3764.6 1.9 3. 3.3 360 138.6 3.84036.000 30. 39141:1 2.33711 5009. 38.09 5.4, 36. 299 360.6 382.11 5.668

39.0036.3 2.003 292. A399 397. 2. 4 331349 363.3 383.6 3.671
2000 3902 1872976.6 -390.89 398.8 26. 13.822 363.3 384.9 3.681

23000 388.372 6.769 2963.6 -392.312 560.4 2.8 1947 161.5 386. 16722.000 377?.39 8.893 2997.9 -133 4.'914 39.7598.4 .23.000 166.20* 3.031 298. -1944 563.2 29.5 Is..9 381 .899
2400 394.6 1 3.92 2922.2 -191.1 369.5 25.0 36.4936 389.6 3:.90*

86.00 3.7 .7 2699.3 .147.40 366.9 24. 37;.848 53.6I~ 3.93927.000 228.45T 3 ...53 28 .3 -348.99 168.3 24.9 38.594 39. 6.1
28000 239.20 36. 21 2679-9.616. 4:.12 19.39 393.4 3.2

3200 22 .15 106 2840. ;.35.0 7. 25. 2.33964 3.936

33.*0000 2,73.,*6 3.10022A283.3 -351.90 37. 754218,37. .4

"35000. 319. 13 .9 6 1 CC2 132614. -15*.3:92 137.5 23.34. 22.99 996. 3.948

38.000 347.589 .86279.2 -35.6 31.4272.330. .1
396.000 326.903 .8520 27 7.9 -757.50 376.1 23.4 27.006 46. 0.94090.000 )388.607 .69 2704 1.393 579. 22.5 I 74 481. I.94.
38.00 0 379.356 .791 2774.2 IT5T6:57 .6 1 22. 2836: 1 402. 3.6

92.00 36.17 77 2679 39.2 50.9 22.5 28.943 982.8 3.969,

5300 349.199 .02718-9.791?.z M.0 583;.3 1 22. 291991 48. 3;.67
99.00 *20.975 713 275. -310..2 39.3 225 30.4 404. 30.976:X*600 9073 896 27 164.4 -386:55 567.91 693.9 0. .7

9800 40.7 .84 273.4 .383 389.0 23.7 302.77 40.9. 1.9634
09.000 0 64.39 66,0" 578. 628 399. 23. 3399 *66. 3.985?1.0.00 93.270, .130 2723.3 -385.26 361. 23 1.6 4.2 4484. 397

9.030 70.93. 39.8194 3510.6 .96.44 3.431 292.9 90.4 2.746 292.93055.1 328.6 333.6 1.433 3.629
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PRESSURE PROFILE DATA
SYSTEM LIQUID BiPROPELLANT PC 1000. PSIA

COMPONENT TREF FORMULA DENSITY HEAT FORM MT. c/o
0e 1K GM/CC IKCAL/FORMI.T..

128 O0F2 1.53 3.5 88.
29 W 7I i--l t.064 lf.OS

BULK DENSITY - 1.18S GM/CC
MIXTURE RATO = .786 LB OXIDIZER I LB OF FUEL -

PRESSUREPROFILE DATA

CHAMBER ENTROPY 330.9S EU/IOOGNS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 1000 398.1 AM0.S &3.T- - I1 I Tf0f-1 OO 3.98I 1.585 +.6M1 4251 .100 58.4
TEMP, 0EG K 3421.0 2800.6 2292.9 1859.4 149;.5 1311.7 1191.3 939.6 738.? 570.6 181.2 340.8 3009.9
ER1I4ALPY I-) -Z5.91 Il.ZR 0.07 63.48 GZ.30 11.1Y ir0.1 1ov.,Z iIV."y IZ.,SU 15 .001 10.3 -. "20
CP .5799 ,S657 S5492 S5301 ,5007 .4957 .486? .k676 .8530 .4433 .4381 .4346 S5I0?
IMPUL OPT 174.86 235M1 2 ,V33W. 0T- -- n 323.00 3&0.6V 3S2.53 "rM'1;bT-3B U "'37, 8-L4360
IMPUL VAC 260.70 287.79 311.71 330.54 339.10 384.59 55S.%5 363.67 369.92 537.69 370.30 235.62
EPSILON- IL' .056 1.UV3 - T213----r.3U-7IV. S91 Ilf112T 34.b05--'U .7 I'W1.T9T-2731T3"- 1.000'

SMIFTING EXPANS1IlN

PRESSURE, PSIA 1000 398.1 IS8.5 63.10 2S.12 1.70 10.00 3.981 I.SS .631 .251 .100 559.7
TEMP, DEC K - -- 342T.8 2951.8 2489.S -2057.9 1667.T -TT__5_ 1339.I 1065_S -83I.3 -S_1 S10-00oo3T2_ .-

ENTHALPY I-I -23.91 11.92 b2.21 67.38 87.95 98.06 108.56 11T.08 120.36 136.61 143.05 148.05 -. 67
X BAR - &-.-T82 ------ 60 00 i ----.. D6T0-'-7-6--a-5T - . -- 6-05T 6.oST i0 -'670"34- ;iT
N 6.182 6.108 6.070 6.059 6.05T 6.0S7 6.0ST" 6.051 6.0ST 6.057 6.0SS 6.034 6.131
.C, YS 18 .0185o W3IO .I5 51 .%V31 .4f8 .811 85 .81 58 .53zic
INPUL OPT 176.53 239.03 281.81 311.98 325.73 334.30 351.16 363.96 373.69 381.10 386.78 182.17
IMPUL VAC M6A8T 294.30 3T1996'339.V3 34T.36 -35.28 36T.05 U 7S6.03 132.30 -30f1T2-39"1-258.65
EPSILON 1.066 1.652 2.906 5.353 7.724 10.081 19.17T 36.609 70.010 138.125 259.660 1.000

COMPOSITION SHIFTING MIOL/1IO GM)
iu.*. .*uuo .uuul . -u - - .UU U uuu Uu uuuu Uuuu U .UU uuuU u
-68.50 F*H 1.62T2 1.6291 1.6296 1.6296 1.6296 1.6296 1.6296 1.6296 1.6296 1.6296 1.6296 1.6296 1.628?
-26.10 F*H&O .0000 .0000 -. 000 --. u0o -- Afoa -a00-- -. 0000++ .0000 -000`-0-- .OO .O00 ";000
58.60 FoN .0000 .00O0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-15.70 FeNe0 .0000 -. 0000 01000 .0800 -. 0000-'000W J"-+ .0 - "00"0--- 80"0u --O000o"
32.80 FPO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 H ,1981 ,006a .0244 .0037 .0003 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .1221
?9.20 H&N u-o .00;D0 DfD8~ 0 700 0 7 o .0gou .9900 Uuguu Uuuu -70001

-10.00 H*NoO .0015 .000 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0008
9.33 H40---- ----190 - 26--.023---. 2 .0000 --. "O- 0--0001---0000 .oo .oooo 00O0 -020--

.00 W2 1.79S5 1.8301 1.8542 1.8633 1.8649 1.0651 1.8651 1.8650 1.8650 1.8645 1.8615 1.8311 1.8178
N0o5 H"ZN .0001 u11000 *0Uuu *Uuuu *UUu .UUUU .uuuu .uUUu *uuuu .UUUU *uuuu .UUUU UUU0,

-58.00 H20- .7660 .8O00 .8123 .8146 .81488 .8118 .81818 .018a 80 U 8180 14 088 .7905
- -OWN-i. -- 0 0T-0 -- o0T 0 o80o *ooo ..oouV---.7U Uo.UU 2r- .0001-
113:00 N .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
21.6S N90.-. 0S - N0012+ -- i-r- "- 0 0000V 000 000' OW 00 -- "0"-O0--'o-U'0D22-
8.06 N*02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

I' 0 D I *r4 3 I f **r 6 G .r lrz G .r qi I. 1 4 1% 1. 14 r4 I. M i ll l ef lf4 l~ r lf 3 4 . flf ri I. f * e l~ " e s o U lI fM 3 6

19.50 N20o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
59.56 0 M -025-00---0000- 0o 00o 0o0U-0000--0oW .O000 .00 .010 0 .0000-0008 --

.00 02 .0008 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
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Sy0106LQU 100004 6IPO LL8S3T PC 3000. PSIA

068POMENI7 7669FXF$RMUL 0693319V ;;RN P Mt . 010

DCKkL1100680 9 L 0950 300805 0 Sao L
1.20 000.92 3.23. 23.9 S41.

0PI63. C/ P33 I:SP 6938*I3.99 :09 113.6 I 9.6 00.9*063. 511 sEA ib.$I 32 o * 529. .SEA I90
,.o00910 1* 1:80 1 33.1300 08. 0314PV.6 30000 31:00 32 .90.41 :S6
6:00.0$0:00 100.800 a so1. S3.9 . 100 0 ,5 ,::3,: 122.3. .k .3

1.00 3.232 I0.8013009.9 .90 .81 .3. 2a.0 1..0 322. 1 213. 21.3 IS 13.6 1.12 1 1.11
2.000 70MY3159.013 0209.7 3.? .052888.0 -9330 292.23 298.3 291.5 290.0 .1., 1:..
to9 17.650 0056 305. 53S .9 fy . 23. *750 5. 5415. 330.4 .0 .3

0.000 30.83 28.99 110.8 -11..70 .412 13.12.- .2-18619236032. .8 .1
3.000 123:.20 1:.0s. 11"3.1 90? .9913.0 2. `8, 01. 020. 008.0 038.0 .32 1.6ac.00 789.68? 30.01 12090 -91 .8a 3198 23. I .3 I028.1 309.1 280.9 1.088

13.00 3.1 6.03S 10648 :10342:1 817-311.1 17.1 2.61" 311 810.2 1.714
1..00 37.08 01 .712 1035.8 -308.00 .80 038b.9 16.S 2.9 548.5 03.8A 1.720

3700 3.72 810 8.7.0.8 89 :,19.1 ,3 3.*IS 121 3.8 1 183. 38. S .3
'6:0000 28060 8.01 3 49 982.3 .109.40 .08 08.0 348. U.9109. 880 3.8

3.00 29.8 .10 923.0* -10.91 88 101.7: 38.8 3.998 186.8 138.1 1.788
20.000 291.533 5.3.8090. -110 .6 382. 18. 83 0839.8 008.9 1.1 1

22.000 336.S62 2.973 072.9 -132.82 .883 388 3305 .0 3500.8 I'M. .738
23:000 3S9.664 2.700 1115.2 .113.30 W6 3.13 133 8.773 33.61. .0
28.0 6.8 2633 688.8 .111.9% . b68 8.3 83.0 8.990 000.0 110009504.0 3'.719
,2 :0.000 808.7076:1' '2.329, 603. .189 86 N8. 12.6 S.405 10. 5.0 3.71"

28.000*S: :3033 2.2$3.4103 8 9 38. 12 28 0820 303. :3 5 18. .
2:0.000 87682 42092 79. 3830 .0 8.3 1.I.2 3030 8.3 3.789
12.00 00281 3.0 708.3 -116.66 "S&0 389.7 32.0 6:026 387801. .7

53:000 S50.299 3.617 780. S -:17.7 :805 380.6 33.7 6.8.12 181.3 52.9 .00140 1 S. 11121"1: 302. I.77
32.000 078.320 3.782 700.8 -339.5 .800 083.6 30.0 6.A96 003.8 582.9 3.77

3000 21.8%83.% 0 73ISO1 -31860 .0 3 00 52.5 33.2 8.907 081.0 .76
10.000 687.862 .1884 729.0 -119.17 .531 132.8 13.1 7.106 381.; 1.7111
38.000080.02 380 773.01 .38,9.:13 .802 003.3 30.8 7.377 088.2 1.703
1700 70199 1.2 71.T 191 82117 1. .9 348.8 1.78b
56~.00 702.838 3.360 70.8. .120.23.80 30. 30. 71? 3848. 3.086

,o00 78.19 1 .1 05.52 115 .s 405 5S4.9 to.. :.05s 5050 77S

"83000* 827.338 'J",0 606.7' -1301 .80 30. 10398718.S .9

%83.0 003.706 1.718 671.8 _12 1.72 .88 9 150 .7 10.1 &.98 186".70 1.792
88.000 9312. 537 3.098 887.8 bk3.5 88 308.3 30.0 0.332 386.5 3.793

86:.0000, 1,1:1231 3.07 80. -322.03 .480 306.9 9.0 9.S6.68? 3.9
8700 03.2 .93 800.1 -122.78 :880 18. 9.7 T: 71 8. I3II796q

88.000 1038.00 .90 888.9 -32.9 .88 00. 9. 9.91:0 S87.7 8.179
44.000 3067.802 :.01' 630.7 -320233.88 19Al 07.3 9.'6 7020 167.1 1.796
s00.000 3009. 728 .0370 88.7 -3225.80S .887 308.2 9.0 3 0.8310 367.0 1.7997.38 8008 58.696 70331.7 -03.89 .89 317.2 22.7 7.000 077.0 323.8 538.3 339.3 3.002 3."60

9900168 PCIP 9 03 psi& 090839 ENNA 9C CALI I 090 093.360 061980 I 36 I A0 I 6? I 90C IF 1A6 CF Vi0
3.000 1007.000 38D . 2,,CL3.093 .-000i IL 000 L

3:.0.00 1.76 00.08 08 28. .N .86:2 382.2 138.9 .208 230.8 296.0 I09. 199.7 3.28313.229
200 9.327 30.1 2326.0 -02.08 .090 207.7 88.8 .834 297.9 299.0 3053.3 309.3 3.803 3.882

8.0 28.%6b 3277 30 841.2 -79.68 :1133 299.7 32.,2 .03 336.7? 022.0 329.0 2331.2 3.031 3.192
S.000 88.168 27.897 3706.8 -00.93 .03 109. 26. 1.00 32. 327. 338.2 310.0 3.310 3.28

8.000 87.22 o 3. 370 30. .920 838. 2.0 .2, 32. 0 .2 ,8. 280.0 .8 .87.000. 0938 3 .00 S320. A9.0 .68 922.9 "8. I6 320.8 332. 380 "N 7. .68 3.886.000 73.680 13.909 3803.9 .98.9s .505 520.9 23.0's.868 333.3 387.3 000.2 3.83
-- V.op 5300 7.0 530 330 05559 727-.3 N.75- M55. 35. 35.
,:8000 98.6"1 181:7330 31380.2 b -30.3 .891 00834, 23.3 2.002 003.8I 30. 30.70

32.000 129.290 7.?35 329. .36:.8 .89 009.8 39.8 .0 3,. 3a. 3.72
133.000 089.830 6.g76 3228.9 :130.2 :86 ISM.6 3. 2799. 360.0 1.70

1800 32.030 8.372 8392.7 .333.78 ..a% 580. 36. s 90 108lI S.7 38.70 33

38.000 198:.1330 0.:099 3337. -338.0 2 . 360 8.9 37.2 3.36S0 30. 388. : .8937.000 213.7 8.806 3332.8 -31.S30 .870 380. 36.7 3.08. 109.0 383. 1.8

39.0002 2.3 '.2 8000 -137.68 .k78 381.0 38.9 S.93 380.2 388.: 378
20.000 269.853 3.73?, 3089.7 .30.83 .4173 802.3 30.8 %.37S 080.8 367.7 3.787

22.0 5.0 5.239 30135.5 .320.30 .890 9s8.2 30.0 8.828 383.0 389.2 3.7116
:3000 329.61I3 10032 997.0 21230 T 83131 1. .8 6. 6. .7

11.5000 37 :330 2.:800 98.9 -22.87 .847 338.9 18.3 3.091 362.0 371.0 13.7713
2800 390.088 2.S31 903.3 -323.82 .8468 337.8 38.0 '.I"80233. .6

26.500 .755 551550 1337 It0 05. S5. 1275 505.25575.7

26:000 83.861:1 MI2S 929.0 .3248.&3 :888 3S9.3 131. S 0.92 38. 372.8 3.790
29.00, 861.#T0 2.165 930.8 -128.0 6.83 089.6 33.3 8.12 M001. 373.0 7.793
30.000 89.20 4 2.010 908.0 -328.09 :.482 080. 33.8l 8.1 382.7 7. 1 .793I : '

2300 0863 398610-29.9 .88 31.0 3. . 362.8 378.0 a 3.7
132.000 0211.9083.99 062.0 -31280 .80 383.8 12.0 8.709 382.8 378.8 10799

58.:0,00 0737 1.181 1162.9S -327.26 .09 3.2.7 12.1 1:3813 230.9 31. 13.903

1000 39.3 1.7 030 17.1 .30 6.2: . 7:119 do, 380 .58-38003 837.60 3.3 8. 303 8780? 3. .3 706 3.0037.000 81.1 1.16 -38.0.2.1.1'8. 0. .0 7. .030.000 867.078 3.899 627.6 -326.09 .80 388.8 33.9 7.929 078.8 3.809

000 720.8 ".36 03. -29.61 4800 080.3 83.68 9.76 377. 3.08
al,00 787.101 T1 19. -121.90 .34 39 17. 6.4600171 - .1

%9.3000 972.90t 3.02%9 713.0 tl1.1 .8U1W. I0. 3010- - -- 3
80.000 3000.8606 1.999 783.2 -1337.091 .800 349.0 10.2 30.296 379. 13.02

7.7281, 80.0801 3.890 185789. -132 0 2.*.838733. 0.8 3869 31,9.830 1.829
To 610:WI1141:

Iy911 104TTV-1.31 1 8a



PRESSURE PROFILE DATA
SYSTEN LICUID BIPROPELLANT PC 1000. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCAL/FORM.WT.|
128 O*F2 1.85 .3.5 SO.
290 N2*H4 1.004 #12.0 50.

BULK DENSITY * 1.212 GM/CC
MIXrURE RATIO * 1.000 LB OXIDIZER I LO OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 321.08 EU/IbOGMS

CHAPBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 1000 398.t 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .2S1 .100 S44.8
TEMPO DEG K 3710.0 3047.S 2491.1 2024.0 1632.1 1434.0 1304.1 1031.7 808.4 626.? 486.3 375.3 3268S.
E4THALPY 1-) -22.04 13.95 43.46 67.S1 86.98 96.S0 102.61 115.04 124.83 132.48 138.40 142.97 2.20
CP S$492 .536? .5230 .0OS8 .4866 .474S .46S9 .4467 .4309 .4199 .4135 .4098 .5414
IMPUL OPT 176.96 738.71 279.11 307.96 321.13 329.30 345.33 387.48 366.63 373.60 378.88 14*.23
IMPUL VAC 263.87 291.37 31S.71 334.71 343.67 349.29 360.41 368.87 37S.29 380.1? 383.88 258.71
EPSILON 1.056 1.607 2.808 S.150 7.417 9.666 18.316 34.830 66.331 126.479 241.759 1.000

SHIFTING EXPANSION
PRESSURE, PSIA IOCO 398.1 S1.8 63.10 28.12 14.70 10.00 3.981 1.SS0 .631 .251 .100 868.3
TEMP, DEG K 3710.0 3276.9 2848.4 2413.9 1994.9 1771.4 1622.S 1308.4 1039.7 820.1 641.6 499.7 3440.0
ENTHALPY 1-) -22.04 14.91 46.82 73.96 96.58 107.81 118.09 130.07 142.06 181.56 189.03 164.86 1.46
X BAR 8.838 5.130 S.656 5.619 5.608 8.607 8.607 S.606 8.606 5.606 8.606 5.606 5.767
N 5.838 S.130 8.686 5.619 8.608 S.607 S.607 8.606 8.606 8.606 8.606 S.606 8.767
CP 1.1913 .9670 .7443 .8390 .SSO .4943 .4834 .4611 .441S .4250 .4134 .4081 1.0862
IMPUL OPT 179.30 244.7S 288.99 321.23 336.10 34S.39 363.76 377.83 388.62 396.89 403.23 143.00
IMPUL VAC 269.83 301.66 329.87 381.34 361.68 368.16 381.16 391.17 398.88 404.73 409.23 262.94
EPSILON 1.072 1.692 3.031 5.649 8.193 10.731 20.S91 39.660 76.403 147.063 283.047 1.000

COMPOSITION SHIFTING (MOL/IO0 GM)
18.86 F .0087 .0029 .0006 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0046

-64.80 FOH 1.8431 1.8490 1.8812 1.BSIB 1.8519 1.6519 1.8S19 1.8519 1.8519 1.8819 1.8819 1.8519 1.8473
-26.10 F*H*C .0000 .0000 .0COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
88.60 F*N .0000 .0000 OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-18.70 FON.O .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
j2.40 FeO .0000 .0000 OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .0000 .0000 0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
82.10 H .29?7 .1743 .0777 .0217 .0032 .0007 .0002 .0000 .0000 .0000 .0000 .0000 .2188
79.20 P*N .OD03 .0001 .OCO .0000 .0000 .0000 .0000. .0000 .0000 .0000 .0000 .0000 .0001

-10.00 HohtO .0030 .0014 .0008 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0019
9.33 HeO .1030 .0517 .0173 .0031 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0697

.00 H2 1.2160 1.2229 1.241S 1.259S 1.2670 1.2681 1.2684 1.2685 1.2604 1.268 1.2683 1.2674 1.2106
40.30 H2.N .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-87.80 H2.0 .7T0? .891 .9084 .9225 .92S7 .92S9 .9259 .9259 .9259 .92S9 .92S9 .9259 .8327
-11.04 H3eN .0001 .0000 .00O0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0007 .0000
113.00 N .0002 .0000 ,OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
21.68 NOD .0179 .001 .OCI? .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0108
8.06 N02 .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 N2 1.5494 1.5888 1.8890 1.5600 1.5601 1.8602 1.8602 1.$602 1.5602 1.S601 I.S601 1.5898 1.SS38

19.S0 N2*O .0000 .0000 O0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
59.S6 0 .0141 .0043 .OO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0072

.00 02 .0036 .0012 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0019

.2W4



....56 .....0 UIAOPLA PClO. %A
COmMoSENT TEEM MOSLF00M OAT MO W t. 0/0

060 A GMCC 0C6L/MGE6.ST. I
1O 62 1.,00 t .0. 50.
29: N2.144 1.006 .12.0% So.

MASZEN MIMASIIIG

EPSILON PC/P P PS1* T*MP ENTEALMO CP C ALl I P ,IL/A OTLOC I SEA I AT I Ar I VAC CF SEA CF VAC
DEG K 6CGAL/IQOON GM D01 /P LAL 10000 00000 LVt

I.( I(0C.0O0 010.0 22.0' ."4I
1.000 1.122 1045..500 326.0. -2.2 354 1.2 1.0 00 0.520A 2044267 .06 0.201
2.000 9.07 T1 10.211 2260.5. -4.1 .16 20. :0 40609.5 1": .5 1 01: .0 002 * .01 1 .43 62
1.000 17.7d1K OA.OTA 1970.0 -49.0 .40 21 , 0.0 05. 0 1 .2 624 009.0 011.7 517. 1 015.1 1.6494 1.539
4.000 26.0)T GO.66T 1T83.4 -74.00 .490 297.4 00.2 .547 010.1 011.9 316.1 027.6l 1:1!6 1:056

I.000 'b."4 261 1649.0 -46.1$ .496 004.6 27.1 k.00 OI. 22. 0' . 200.9" " 1.441 1.61
6.000 0000 14.OT 1046.1 -01.14 .402 010.5 04.9 1.2!0 020. 0 321. 004.0 000. 14 M .I7.000 42.600 1. 9421 1463:*5 9.0 476 010.2 23.1 1.400 121.0 307.0 010. 9034 2.0 1:00 1.606
4.000 0403 1.4300.19.1 .78206 0. .0 /.) 042.0 040.0 1.670

90.000 1lo.1 It 01 1205.2 -1(0.00 _co A.060 000.0 09.7 2.0.0 04.4 00. 0 1.6

,110000 1,2,1,9 5.206 1244.0 -100.06 .46:2 00. 59 0.264 07900. 100
1a.0 00 1? 107.74 F.250 L20o 17.6 .0 110.6 15.1 Z2.000 040.1 300.:4 170
10.0 $:g2o6071100-157 .40? 007.0 17.0 2.'1, 000.2 044.3 1.716

ISM000 19' .660 0.M4 1110.9 -111.46 .0S2 040.5 16.- 016 01.0 0070 1 02
16.000 2(642 4.II5091 10545 112.44I .40 04. 16.0 0.339 002.6 0S5.0 1..0

1500 2709 400 06.6. 105 :.460 314. 10.6 3.006 000. 00. 314,1
16.000 240.400 o.fS 1055.4 -1 .74 . 3,o0400 10. 0.2 00. 060S 15,42

19.000, 0 .5 0.567 1017.6 -11.67 ..Z, 046.1 14. 0900 00.., 061.0 1.4
20.000 206.634 0.054 1095.0 -ý116.0 44072 1. .6 0. 6. 1.149

3230 01.:44096. 11.0 .40 14.010. 9 4I.6071 00.0 60.
22.000 0070 .o70.1-118.59 .441 000.0 10.5 4.6024 00.4 60. 3.70
26.000 07~.711 2.600 002.0 194 .640 500.0 104:0.049 W0.I0N5 .

t000 '40o 2.00 ' 1. ' 100 '4 001.6 10.2 0.26606"06. .6

26.020 4.171 2.)62 904.1 -120.65 .438 002.4 12.0 0.451 006.0 060.0 1.7647

25.000 Ab6.920 2.2f05 ," 5). -112 .405 100.1: 12N, 0.6,02 104.1 060.6 1.764
29.00 0410 .02 547. 1 :11:122.29 .400 0064.0 12.0 6 .106 0. 6.1.5

0O.000 1117.05 1.0 50. -222.77 .406 104.. 11.2 6.1007 006.4 065.1 1.770
01.000 00.9.20 1.0)f 000.4 -121.0.400 000. J 1 0.0 6.09 006. 06.0l .7

,30.00 500.2 10 624-24.10 .021066 1.765606.2 1..71
S4.000 41.4 ~1 1.0 14.1 .431 00.1 11.0 7.00 656 1.0
0000 40.2 .4 0:. 50.0104.90 .401 007.0 77. 7.20 0665. 17,4

J:*5.000 O 719.1 1.001 701. ý5 -109 :.421 00 I 11. 0 7.00,4. .1
30.000 767.771 1.190 7170.0 126.02 .420 6009 1.0 10.90.16 070.1 1.7.

.0.000 600.C4. 1.241 700.0 -126.96 .405 660.0 10.6 .. 070 07 0.7 1.700
42.00 :7'11(2 1:17 ",1., -105.2 .42 : 14 ,0.41 10.I 6.590l 05.9 1.

4.000o 6.10 1.117 700. -727.60 .426 141.1 10.0 9.237 01%, 10796

.5.00 0 9-.215 1.04 7110. -725.60 .420 042.0 70.0 0.50 721 1.0
4.0.00 L0160170 .050 770.5 -126.06 .02s 062.0 .09 70.109 072.6 .50
4.0( 0776. 006 057 19. 44126 9 .91.00 072 .0 1.50

?..1? 45.004 14.616 1004.0 -046.00 .470 021.1 22.0 1.054 321.1 007..0 001.1 0.45.71 6.00 1.662

I47M79 6670. 0

EPSILON orep P 0574 If": 647.-ALAS P CALI I OPT 012060 DILI-( I SEA I AT I At I IAC CF SEA CS VAC
(, 1* 03L/00 25cr /T P LVL 70000 00000 LVt

10170.000 1710., 020 19
1.000 1.7 4.0 400 10 .0 4. 1. 222952 6. 2 62. 6. 1.29 21.0

2.OoO 5.50 71.5:%7 2774.2 -0079.657 260I.6 A 0.1 .40' 004.4 00.0' 610.1 010. 1'.40 7.460

0.000 12 601 5 262.0 -73.06 .0 25.4 0.7 44 010.6 322.6 025.1 329.2 1.000 1.001
4.000 4 .05 0.710 2220.6: , I -0.7 .0947 606.5 0.0 .06 007.0 601.2 005.6 03.01 1.543 1.600
5.000 63.646 29.04 2070.9 -42.06 .024 010.0 01.5 1.076 001.5 006.0 3o. 4 7. 6 14 041.3
6.000 40.520 22.07* 0 907.0 -95.S00 M .1 02. 20.6 :2127 04. 000010001107 064

7000 04.446b 10.660 1060.0 -100.26 .5002001 0. 9 0. 4.2I600 0 .5E.05 1:.6S
6.00 10.51 IS.01501-171 .0 0 .2 20.6 l.':06.1 040 :.6 0.1 01.0. 1.04 1.70
9.000 77D2 12611.".1.0 .0 3.0 24.0 1.412 060..4 660.7 064.0 10716
10.000 00,002 111042 1640.6-1. 2 .456 0.0.1 20.0 2.124 344.7 062.9 066.0 1.727

&I.000 10.40 . . 66 16. -107 .452 006. 22. .0 4. 060. .0

12I. 000 117.64 '1.40 16064.0 -11.9 . M70 04. 1.l .0 06000. .4
110.00 130.160 7..s4 M12.2 -119,.50 .456 0051.4 01.0 2.777 100.6 072.4 1.75S
14.00 1414 6.9 1054.2 -12.47 .7 000.0 20.4- .0 6. 7. 1.792

1000 120 6 20 1024-2.1 .41 0.0 19.5 .17 08.5 070.0 176

14.000 170.171 0.614 101.4 -124.6 .46 007. 19. 3.00 07.707. 1.770

1 7.000 190.070 I.010 1002.5 -126.01 .45059 15.6 0.644" A 05. 077. .7.05

10.00 22. .2 01. -704 . ,6 061. 1503.0702.5s 070. ? .9

20.000 241.14? 4.707 1015.4 -129.67 .62 060.0 17.6 4.20 071 060. 6 ::.704
21.000 250.4(1l 3.66 1206.7 -770.47 .64.0 6&*.2 75.3 4.46?2 05.906.01q0
12.000 /7.5 370 0256.6 -1531.41 .400 060.4 16.0 4.690 074.0 052.0 1.602

14.000 191.022 0.17 1205.0_ -170.1 .00 067 76. 0.1 47 07.036.7 1.0

200004.0 90 290 1221.4 -100.0 41 .40 065. 14.1000 7. 3 641.4::: !.q1

26.000 604.'2107 2.o20) 1200.7 -10:4.64 .404 060.2 10.0 0.0`740300 1.1
25.000 074.141 2.A7011005.0 -13.6 .40 05. 10.6 4.52. 370.7 060.6 1.567
25.000 004.270 2.006 117..4 - 10'6 .04 .'402 070.6. 10.0 6.0 070.9 066:2 0.520
0.00 014:.4l10 2.47 1140.:4 -10641 0016 10. 4.7 074.0 3066.70000 49.5 .4914. 17.0 .4 05.0 7406.41 05. 055. 1.500

21.000 4-0.207 2.700 I 133.5 -0 17.67 .046 07. 10.7 4.0 67. 06. 0.607:,'
02.000 070.740 2.102 1121.3 -1560.46 .440 000.6 14. 4.1006.4 05. 1.60

000:0610W00 102-0.7 .4 074.0 16.4 -512, 056.6 066.6 7.0
0.0 416:.67 1.404ý' 1007. -130.:1"40 .666 074.9 10.2 5.007 07.000.1 13.5
00.00 0I.5 1 .4 15.6 -1 00.060 *443 070.4 140 7.001 066 0500 100

06.00 47.9 !.794 1070.0 -160.46 .466360 1. .2 7. 0. 0
00.000 05I.016 1.71 06. -10.07.649 076.0 73.5 5.921 656.7 30002 1.9
00.000 047.606 1.b70 1000.0 -041.96 .440 677.0 10. 1.1 9. 1.641
00.000 1:7,41.619 1043.0 -141.70,1 .442 077.01:0.4 ! 6.20 000, 1.9 1.803
,0.000 10.0 1.6 10046 -121 " 4N 1 075.0 10.3 6.602 30.0 .0

4100 6262 1 00 107. -1400 .441 075.4 10.2 6.714 01. 1.506
0000 606.076 1.017 110.15 -142.9 .04 05. 10. 0.04 001.0 1.84?

40.000 71053 1.05 1010.0 -09.0 60000 1. .7 0. 4

40.000 704.256 1.060 10002.0 -143.70 .400q 079.7 72.8 0.41 02. 750

40.000~~~ 06.0:13699 , 144.07 .005 050.0 12.5, .0 9. 1.1

0700 511 7.0 050.6 -096.70 .467 06.0 12..0 00. 00590.4 1.504

45.000 900.406 .190 4071.2 -1404.06 .40 061. 120 104236 1.5004
00.0000506.( .10 00. -4.6 40 5.0 12.2 10.067 3 00.1 1.117

5.10_, 6504 14A9 01.-677 .94 0.1 20. :1,70 306 . 0 SI 31 706 085 61. 1.084 1.704



PRESSURE PROFILE DATA
SYSTEP LICUID BIPROPELLANT PC 1000. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCALIFORM.NT.,
L26 O*F2 1.53 +3.5 56.
290 NP2M4 1.004 .12.05 44.

BULK DENSITY 1 1.243 GM/CC

PIXTURE RATIO * 1.273 Lb OXIDIZER I LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 310.06 EU/0OOGMS

CmAPBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 1000 396.1 156.5 63.10 25.12 14.70 10.00 3.981 1.965 .631 .25 .100 548.5
TEMP, DEG K 3930.6 3224.2 2632.S 2137.4 1722.9 IS13.9 1376.8 1069.4 853.6 663.5 512.8 395.1 3456.1
ENTHALPY (-1 -20.1? 15.92 45.47 69.53 69.01 98.S3 104.64 117.07 126.86 134.51 140.43 145.00 4.17
CP .SS9 .SOS4 .4928 .4783 .4607 .4SOO .4416 .4233 .4076 .3966 .3896 .3863 .5091
IMPUL OPT 177.21 238.97 279.36 306.19 321.35 329.51 345.S4 357.6S 366.83 373.76 379.06 14S.51
IMPUL VAC 264.16 291.63 315.93 334.91 343.87 349.49 360.61 369.06 375.47 380.34 384.04 259.05
EPSILON 1.055 1.60S 2.800 5.140 7.403 9.649 18.288 34.776 66.196 126.123 240.688 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 1000 398.1 ISO.S 63.10 25.12 14.70 10.00 3.981 L.565 .631 .2S1 .100 569.0
TEMP, DEG K 3930.8 3530.8 31S7.6 2761.6 2381.2 2143.? 1977.6 1613.6 1301.9 1039.7 822.2 644.9 3681.4
ENTHALPY 1-1 -20.1? I7.10 49.78 78.32 102.65 11S,29 123.42 140.33 154.0S 16S.06 173.61 180.70 3.22
X BAR 5.529 S.396 5.289 5.210 S.170 S.160 S.IS6 S.1S6 S.1S6 5.156 5.156 S.156 5.447
N S.529 S.398 5.289 5.210 S.170 5.160 S.158 S.1S6 5.156 S.156 5.156 S.156 5.447
CP 1.4389 1.2836 1.0426 .7666 .5681 .5081 .4828 .4505 .4295 .4107 .3946 .3834 1.3S46
IMPUL OPT 160.07 246.70 292.71 327.14 343.29 353.44 373.67 369.31 401.42 410.80 418.03 142.66
IMPUL VAC 271.57 305.22 335.52 3S9.67 371.1S 378.39 392.92 404.21 412.97 419.72 424.91 264.17
EPSILON 1.076 1.729 3.177 6.065 6.878 11.685 22.642 44.044 0S.686 166.32S 322.014 1.000

COMPOSITION SHIFTING IMOL/IOO GMI
18.86 F .0235 .0108 .0C40 .0010 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0146

-64.50 F.H 2.0505 2.0633 2.0101 2.0731 2.0740 2.0741 2.0741 2.0741 2.0741 2.0741 2.0741 2.0741 2.0592
-26.10 FOHOC .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
%8.60 FeN .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-iS.70 FoN&C .00O0 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
32.40 FOO .00RO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .0000 .0000 .0co0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 H .3449 .23S9 .1431 .0684 .0205 .OOs .0031 .0002 .0000 .0000 .0000 .0000 .2763
19.20 H#N .0004 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002

-10.00 H*NoO .0046 .0028 .0014 .000S .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0035
9.33 H*O .195S .1354 .0766 .0297 .oos9 .0Oos .0005 .0000 .0000 .0000 .0000 .0000 .1590

.00 H2 .7433 .7042 .6736 .6611 .66S4 .6690 .6705 .6717 .6718 .6716 .6718 .6718 .7169
40.30 HZoN .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-5s.80 M2ao .7044 .8228 .9267 .9990 1.0302 1.0353 1.036S 1.0370 1.0370 1.0370 1.0370 1.0310 .7?77
-11.04 H3*N .000o .0000 .0co0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 N .0004 .0001 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002
21.65 NoO .0448 .0264 .0123 .0036 .0005 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0331
6.06 NP02 O00O .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 N2 1.3476 1.3S82 1.3661 1.3709 1.3726 1.3729 1.3729 1.3729 1.3729 1.3729 1.3729 1.3729 1.3544
19.SO N2*0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
b9.S6 0 .0502 .0258 .0AM5 .0019 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0343

.00 02 .0186 .0119 .DC53 .0012 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0146
34.10 03 .0000 .0000 .0co0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
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.S..TE .. 6"U0 *0*OPFLLAMO PC 12000.1
C.0ONMPOPO '4fF FORMULA CIuuliTO oft! FOAM .T. 6060
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10.000 O c 6l.349 111.0. -000.61 .403 0*T.4 10.4ý 1.l O 8. 1 0. 1.112

1 0. 0 0 .0. 7 .. 0 I02 . -0 1t .o 2 4 . 1 6 . 0 .6 6* 0 .1 0 0 0 . 1 . 7 92T

0 0. 0 0 0 0 0 0. 2I 4 6 4. 0 0 9 0,1 4 0 . - 0 0 4 .0 :.14 2 7 * 4 2 .0 0 6 . . 42 * 0 24, * ,06. 1 .'00
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"0.0 :0
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? 0 0204 2940004.4 -090.04 .44 0.0 *77 0005.0 046 .0

41*oo.0:4A 2.414 440.0.04.60.40 05.0 1.6 - .9 00c l 0M7.0 *9. :09.69
0 .000 401O.604 S2.1 1400.0 -O 6 .406 *80.0 00.0 70.144 *6.4 09.! 0.872

44420 2.0 99. 00.0 .40 OO0 10.S 7.820 *6.3 32 . 7 401.01311 .1 :1.676I"F
06.000N 022.09 1.* 0004. l W-101.26 .40 050l 3 IalO10.5 E 4.24 *6. 002. I.If I642C SA FV

00.009 6.0 .9 00 .6 o" -122 .02 067.0 * .4 1 6.000 W 0268.0 402.6? 1. 460k22
41.000 A74.731 19 0.8700 1002.9 -*0,.7* .400' *I. 000 6A000.,0. 1.45840.000 04.00 0.6 1S2.o 00 .1 340 * * 1. .2 0. .903.000 0*2.430 0.400 0902.2 -000.00 .400 1055.6 *09. 2 6910 . 6000"1.4 4.9 .561.'690
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00.000 090.065 1.442 0204. -0 .20 '.025 09.0 *4.0 10.0260. 4 00.2 0169t

6005 0*.666 12.9*1260. -00:, ,0.6 :.42,9 0. 04.0: 1 0.009 400.0 1.099

19.000 000.4062 1.006 120S6. -000.95 .420 390.01*. *00060. .0
00.00 Oti0 129. .0*6 1246.2 -006..04 .420 *90.0 *42 104 0 0. 1.0

8.676 486046 *0.090 2*40.0 -0*4.29 .004 0.0 270 080 04.60. 67.9 97. 1.0 0.081
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PRESSURE PROFILE DATA
SYSTEM LIGUIO SIPROPELLANT PC 1000. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCAL/FORM.WT.)
126 O*F2 1.53 *3.S 62.
298 N2*H4 1.004 .12.05 36.

BULK DENSITY 1 1.276 GM/CC
PIXTURE RATIO - 1.632 LO OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 298.05 EU/100GMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 1000 398.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 547.4
TEMP, DEG K 4062.5 3336.7 2715.1 2197.1 1765.7 1546.6 1406.9 1110.2 867.6 672.6 516.6 396.7 3579.4
ENTHALPY 1-) -16.31 17.26 46.27 69.81 88.80 98.07 104.00 116.06 125.53 132.90 138.60 142.99 5.77
CP .4815 .4717 .4608 .4477 .4319 .4222 .4146 .3977 .3832 .3733 .3671 .3641 .4753
IMPUL OPT 175.90 237.01 276.87 305.25 318.16 326.19 341.89 353.74 362.69 369.46 374.59 144.72
IMPUL VAC 262.06 269.05 312.92 331.53 340.29 345.79 356.64 364.86 371.11 375.64 379.42 257.06
EPSILON 1.055 1.600 2.784 S.097 7.331 9.S47 18.053 34.253 65.056 123.668 235.566 1.000

SHIFTING EXPANSION
PRESSURE, PSIA loco 398.1 S1.5 63.10 25.12 14.70 1O.00 3.981 1.585 .631 .251 .100 570.2
TEMP, DEG K 4082.5 3686.1 3335.2 3014.0 270S.7 2524.3 2369.7 2039.5 1678.6 1361.9 1093.6 069.3 3634.4
ENTHALPY f-) -18.31 18.53 50.97 79.6S 105.00 118.31 127.24 146.41 162.40 175.46 186.00 194.42 4.72
X BAR 5.254 5.116 4.993 4.887 4.800 4.760 4.736 4.709 4.706 4.705 4.70S 4.705 5.169
N 5.2S4 5.116 4.993 4.687 4.800 4.760 4.738 4.709 4.706 4.70b 4.705 4.705 5.169
CP L.5151 1.4527 1.3349 1.1585 .9355 .7938 .6907 .4636 .4231 .4022 .3636 .3614 1.4635
IMPUL OPT 179.00 245.49 291.92 327.52 344.75 355.83 378.54 396.49 410.56 421.56 430.19 141.53
IMPUL VAC 270.09 304.14 335.54 361.79 374.86 383.34 400.48 413.71 424.06 432.14 438.41 262.59
EPSILON 1.078 1.743 3.256 6.426 9.656 12.957 25.954 51.164 100.731 197.869 307.162 1.000

COMPOSITION SHIFTING IMOL/100 GM)
16.66 F .0515 .0275 .0136 .0060 .0022 .0010 .0005 .0000 .0000 .0000 .0000 .0000 .0353

-64.50 F.H 2.2448 2.2686 2.2627 2.2903 2.2941 2.2953 2.2958 2.2963 2.2963 2.2963 2.2963 2.2963 2.2609
-26.10 F*HeMC .0000 .0000 .0co0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
56.60 FoN .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-15.70 FeN*O .00CO .0000 .0COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
32.40 F90 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 H .3235 .2263 .1461 .0834 .0390 .0217 .0130 .0025 .0002 .0000 .0000 .0000 .2623
19.20 H*N .0004 .0001 .oCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002

-10.00 H*NvO .0056 .0039 .0025 .0015 .0008 .000S .0003 .0001 .0000 .0000 .0000 .0000 .0046
9.33 H*O .2743 .2249 .1705 .1eSS .0650 .0401 .02S3 .0040 .0002 .0000 .0000 .0000 .2450

.00 H2 .4066 .3S24 .2920 .2273 .1623 .1275 .1060 .0777 .0751 .07S1 .07sl .0751 .3743
40.30 H2*N .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-57.80 M2*O .5404 .6570 .7785 .8968 1.0097 1.0652 1.0983 1.1423 1.1480 1.1481 1.1461 1.1481 .610S
-11.04 H3*N .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 h .0007 .0002 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0004
21.65 NMO .0833 .0616 .0426 .0267 .0139 .0081 .0049 .0006 .0000 .0000 .0000 .0000 .0700
8.06 N902 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 N2 1.1406 1.1526 1.1630 1.1716 1.1764 1.1814 1.1631 1.1854 1.165? L.1657 1.1657 1.1657 1.1481
19.50 N2*O .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
%9.56 0 .1198 .0012 .0492 .02S2 .0097 .0043 .0020 .0001 .0000 .0000 .0000 .0000 .09S5

.00 02 .0622 .0S96 .0523 .0403 .0246 .01o0 .0087 .0006 .0000 .0000 .0000 .0000 .0612
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299 .ni' .00* . 570 36.-
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29.0020 5355..6 d.109 955.3 -523.3 . 335 35 9 9.0 92.5 S..0.755 36. 596

5..33 6. 06 5.9 5503. -3. ? . 522 35.7 12. 5.0 352 376.3 13. 60.3 550 5.656
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PRESSURE PROFILE DATA
SYSTEM LICUID BIPROPELLANT PC 1000. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCAL/FORM.WT.)
128 OoF2 1.53 #3*. 70.
298 N2sH4 1.004 #12.09 30.

BULK DENSITY * 1.322 GM/CC
WIXTURE RATIO * 2.333 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 280.40 EU/100GMS

CHAMBER THROAT

FROZEN EXPANSION
PKESSURE, PSIA 1000 398.1 1S8.S 63.10 25.12 14.70 10.00 3.981 1.589 .631 .251 .100 S44.6
TEMPt DEG K 4205.9 3412.0 2?SS.S 2213.1 176S.0 1541.4 1395.9 1093.9 846.9 694.3 102.0 384.3 3669.6
ENTHALPY 1-) -15.62 16.39 46.08 68.39 86.2S 94.91 100.44 111.61 120.32 121.06 132.24 136.21 7.53
CP .4347 .4264 .4167 .4051 .3914 .3631 .3767 .3622 .3504 .3426 .3381 .3361 .4299
IMPUL OPT 172.S1 232.06 270.66 297.96 310.37 316.02 332.9S 344.14 352.96 356.89 363.67 142.S3
IMPUL VAC 256.69 282.60 309.46 323.19 311.S0 336.70 346.93 3S4.64 360.46 364.86 368.17 251.99
EPSILON 1.053 1.967 2.74S 4.996 1.199 9.299 17.478 32.974 62.317 117.980 223.698 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 1000 398.1 IS.S 63.10 25.12 14.70 10.00 3.981 1.969 .631 .2S1 .100 569.1
TEMP, DEG K 420S.9 3764.4 3405.9 3053.3 2706.1 2497.7 2343.2 1963.7 1603.0 1248.4 1024.2 606.4 3941.9
ENTHALPY I1- -19.62 19.69 90.67 78.29 102.33 114.64 123.15 140.80 ISS.34 167.13 176.94 183.99 6.46
X BAR 4.923 4.198 4.688 4.596 4.S26 4.498 4.484 4.468 4.465 4.465 4.465 4.465 4.845
N 4.923 4.798 4.688 4.596 4.S26 4.498 4.484 4.468 4.465 4.46S 4.465 4.465 4.84S
CIO 1.3497 1.2970 1.1198 .9354 .7241 .6082 .5378 .4302 .3860 .3640 .3485 .3360 1.2985
IMPUL OPT 17b.75 240.86 286.13 320.60 337.14 347.70 369.11 386.66 396.94 409.07 416.92 139.22
IMPUL VAC 26S.07 298.17 326.93 393.62 165.99 373.62 389.66 401.91 411.40 418.74 424.39 257.62
EPSILON 1.077 1.739 3.225 6.310 9.40? 12.S97 24.772 48.SS6 94.614 184.621 358.Z34 1.000

COMPOSITION SHIFTING IMOL/lO0 GMI
18.86 F .13CS .0738 .0382 .0174 .0064 .0030 .0016 .0002 .0000 .0000 .0000 .0000 .0929

-64.90 FOH 2.4619 2.5188 2.S944 2.STS1 2.S662 2.5696 2.5910 2.5924 2.S926 2.S926 2.S926 2.9926 2.4996
-26.10 F*H.O .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
58.60 FON .00CO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-1S.70 FeNtc .0000 .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
J2.40 F*O .0001 .0000 .0COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .0000 .0000 Oco00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 h .2197 .14SS .0866 .0413 .0140 .0057 .0025 .0001 .0000 .0000 .0000 .0000 .1727
19.20 MeN .0003 .0001 ,OCOD .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

-10.00 hON*O .0049 .0036 .0C2S .0016 .0009 .0006 .0009 .0002 .0000 .0000 .0000 .0000 .0041
9.33 MOO .2797 .2422 .1956 .1418 .08S7 .OSS8 .0374 .0097 .0013 .0001 .0000 .0000 .2S79

.00 H2 .1340 .1049 .OSS .0469 .0222 .0117 .0064 .0008 .0000 .0000 .0000 .0000 .1162
40.30 H2*N .0000 .0000 0c00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-97.60 H2*0 .2S49 .3122 .3177 .4454 .5065 .S34? .Ssol .5702 .S7S2 .STS9 .97S9 .S7S9 .2668
-11.04 H13N .0000 .0000 .Oco0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 h .0009 .0003 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0009
21.6S heO .1352 .It17 .0880 .0691 .0436 .0320 .0244 .0102 .0029 .0006 .0001 .0000 .1209

8.06 4.02 .0001 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
.00 N2 .86S3 .6762 .8908 .9027 .9138 .9196 .9237 .9309 .9346 .9396 .9361 .9361 .8732

19.90 N2*0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
59.S6 0 .25C2 .167S .1271 .0742 .033S .0173 .0094 ,0012 .0001 .0000 .0000 .0000 .2119

.00 02 .18OS .2194 .2S26 o2841 .3130 .3200 .3373 .3S25 .3984 .3999 .3602 .3602 .2062

-210-



323 0072 1.13 600
a0 9* 72.m4 * 1.0040 A .':01

IPI0 s03 I .03 0039"!1N~l
EPILN(0I 0 PSI& 6EM 30006Y C 04L 00000VA EVC F IA IVC F C ACC0C, 10.0 020 .0 320 I.32 .000ý400 5OOO LSL

3.000 L.330 S44.4334 3800.8 -7.03 *420 3*0.0 100.5 1 2*0.0 003.9 2 7 2ZO 1.24 S

1.000 10.311 0838 2403.0 -01.03 .412 i20.3 *1.2 082% 27.3 49 202421.3 .30 !6
3.000 13.429 a028 13 . -0.4 .a0 a0. 33. .03 000.8 307.331
0.000 19.11$ 30.203 310.7:1 -3..24 .3031 23.3 23. 1 . 8 : 3 031.2 30806 330.0 331.331 1 3.7
0:000 30.330 20.030 3780.0 -8".03 .391 203.0 20.? 3.000 308.1 31.9 321.1 323.? 3.5319 80

8.0 0.0 20.2 38*.0. -00.33 .387 304.0 0.3.0 3.10 0004 330.? 320.0 327.8 3S.1, IS.831

3000 30.003a 12.306 1*7.01 -:0 73 .331 : :1033. 20.0 3.609 337.:3 333.0 33310# 3.881
0.000 90.30 30.4033 313.3 -9.1 3 .377 337.31 0. 3.0L390 330 33..7

30.00 333.00 8 ..0737.8 33. 8 .3 0 32. 3.0. .3 1330.8 333.0 3.833
12.0 308.3 8. 3280.7 -300.30 .373 320.8 16.3 2.03 3.0 130 .0
3300 10 .3 L .0 137.? -308.70 .38o0 32.10.:.06360 30..00,

31.000 203.15? 0.012 330. -303 .38 30. 00 .0 3301" 0.7 3.338.000 220.040 0.907 33 0. -302 30 333310 I.0 3.037 3001 .3.0.7 1.706
3700 24.0 .3 30. 333 33 301.0 40 .2 300.7 0. 1.7201

3000 30.6 .0 030-3.30 .380308330391 3*3.0 303.3 3.733
0.000 303.0(0 3.2*0 103.9 1133.8 .300 333:6 331.3 0.00 303.3 3*. .738
:3000 032.333 I.00ý 3037.31 -333.37 .Is 310 3.0:20331 0. .0

22.0020 2*6.007 2.900 333. -300 .303 337. 0 30:. 6 .3 30.3 0. .
23.00 0 363.03 3.000 033.0 -33.8 :'3'? 31.3 32.3 4.703 303.0 300.0 310.5

3400 41.2 336 0*0 33.0 306 33.0 30.3 0.0131 302:.7 313.3 :14.70

"27.000D *33l.33 3.073 020.3 -337.322 .304 31.410 33:.4 I 0.0. 3 .0 , 32:.4 .1
Il8.020 1,603 3.07 00. 7 -330 .33 30. 13.3 0.703 3*3.3 302.3 3.706

2000 006.774 1.706 663.0 -130.36 .300 St. 330 80033. 303.8 I.76'

300 60.77, 1.301 00.7 33.0.31 IS *31.72 30 6 6.00 30.3 3.76'0
33.000 63.73t 3.3 I *3. -303 .300 300..2 300 :A.6 300.0 3.701

60.00'Jo 612ý.03 3.333 330 -320. 60 .30 *.6 3042.01. 300..0 3.76

37.00 10.7 .3 3. 0.3 . 40.0 30.0 7.430 300.3 3.771

*0.000 :*0.3 3,3 706'1.09 -322.06 .35 *. .6J, 3.:* 30..77
03.00 87.0 .303 1777.0 -300.33.) * . 3. I.30 30.3 M.

03.00 9*2.3 3:1733 -Ž.0 .3 . .0 0. .730 30. 377

0S.000 33I3' 3.2 0.3 -2.0 .3' 143.3 3. 6.03 30. 370
0002 30.27.4* 7430 -373.74 .3i6 303.6 0.3.213 30.7 3.3

*7000 03.0 0 *33 730. 434 36 360.1 0. 083 381 1.782
43.000 3307.736 .303 723. -300.0 .30 S' . 3. 0.30 303. 3.783
0.9000 .330 0 .76 700.0 1337 30307 03 000- 0. .3

0000 33.03 .1373.*-3033 30 3.0.0 8.7 30.033 ":603. 3.740"7.10 36.* 34343*. 003 .33 3.6 23 3.03 30.0 336.7 323.3 333. 3.000 3.600

Q59 1 . 002 30.3 2.8 3.0
004. ý . 400 300.0 300 33,30. 7. .3

3342.3 -330.601 .071 30. 3.0 :-: 3.73* 318.2 332.1 .337
23302.1b 3.5 . 02?. -33.27z .063 383.3 22.6 3.00,3 s. 31 7. 6.0 3.. .. . 3031:5

2083.211 1 1 1 -33.07 .3-08 380.0 00.0 4.207 377'" '9:.0 330. 1 3.8*8
I." 81?1000.0 -176.7 .40 0 38.4 0 .3 4 53 6. 676.0 33. 61.2 16S 1.7303

!0 0 401 33010. -3303 .02 380.0' 20. 0.1 333.0 3.
40300 11.701 303.31 *3.0 3 .1:'0 43700.0 0?. 2.21 3. 4 300 3.?""

23300 3.02 303.3 -1621.43 .02 37.04 30 .0 3 33. 8 30. 0 387
140030* 3:1.34 3006.1 1 *36 :00 37. 10.7 1.01 13. 0. 3

330. 637 3. 03? 3303. -3 0 0.0 S1 3 7 61 3.0 85.1 3. 2 3 332.7I 303. 03 3

32.000 363.33 6 32. 36.6 .0 380 3. 6.76 33.. 0. .0

330000 3 ,.00 .63 30. -347.30 .4008 378.7 33.0 8.333 333. 300.33:4
30.000 93.3 2?.04 3700.3 -337.90 .04373 33700 3.303 3300

30.00 *3.00 3.02 770 3 z-*.60 .. 02 313.72 13.3 7.031 3337 38.6.0
38.000 11:42070 2.3* 3700.8 -3*0.02, .603 3761.0 2 37. 7:.632 331I.3 0. 38009

30.000 I707 T 2.0 3770 -303 38 300 3 7. 3.8 M6.9 308.31 .3

03.00 2C05100 1.070 3605.7 -103.00 .30333.0370 3.670 130.3 300.3 3.030

1*.000 006.733 3.164 3803.3 -103.930 .304 3. 7 18 0.600.0 000. 3.00
40:*.00 013.308 3.700 36*0 -,101:1 .3.3 W36. 3. 0 01. 00 330.0 3400.7 1.13

0700 0070 .63 00. -3.7 .6 30 23.10.30 038.0 1.028
000082.9 3.600 3873. -3010 .368 330.8 38320.0: 7 003.7 3.02

00.000 *0.272 J.3.00 61038.0 -30.02. 08 33. 83 02700. .2

00.000 *03.333 3.120 3033.3 -300.03 33 38.0 30. 30a3 00. 3.031
I.0 83.00 " 060 4 000714 .7. -30.8 .809 330.3 26.8 3.0806 33.3 30 .3 38. 3800 . 81 3 .II~

I0 :3" 1"*' .1 ?. 1 1 ::
I: 411 3 .s

'1 00 J9.67 J.131T 1 :10:2 .IS 7.13 1::2 6:1'



PRESSURE PROFILE DATA
SYSTEP LICUID BIPROPELLANT PC 300. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WI. 0/0

DE0 K GM/CC IKCAL/FORM.WT.)
128 02F 1.13 +3.5 44.
298 N2*H4 1.004 +12.0s S6.

PULK DENSITY * 1.183 GM/CC
PIXTURE RATIO * .786 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 341.80 EU/IOoGmS

CHAPHER THROAT

FROIEN EXPANSION
PRESSURE. PSIA 300.0 134.7 60.49 27.16 t4.70 12.20 5.477 2.460 1.104 .496 .223 .100 164.7
TEMP, DEG K 3319.9 2791.6 2337.7 1947.8 1686.6 1613.4 1327.0 1083.3 877.9 707.1 566.7 452.8 2916.8
ENTHALRY 1-) -23.91 6.33 31.71 S2.92 66.72 10.53 85.07 96.99 106.69 114.12 120.82 12S.86 -. 71
CP .780 .S6S9 .M1IS .53S4 .5215 .S173 .4980 .4801 .464S .4S28 .4447 .4402 .5691
IMPUL OPT 162.19 219.96 2S8.52 280.79 286.62 307.91 324.31 337.06 347.03 354.83 360.96 141.86
IMPUL VAC 2S4.94 277.24 299.12 313.16 316.96 331.13 342.31 351.10 318.01 363.44 367.72 2S2.66
EPSILON 1.024 1.408 2.222 3.27S 3.697 6.304 10.861 16.894 32.916 S7.460 100.493 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 169.2
TEMP. DEG K 3319.9 2918.9 2593.8 2221.1 1912.0 1872.9 1118.0 1281.3 1012.3 815.3 691.1 111.8 3061.7
ENTHALPY I-1 -23.91 7.01 34.04 17.33 72.77 77.06 93.56 107.23 118.46 127.63 13S.0S 141.04 -1.39
X BAR 6.233 6.147 6.091 6.06S 6.059 6.058 6.01S 6.01S 6.057 6.017 6.057 6.017 6.169
N6.233 6.147 6.091 6.065 6.019 6.018 6.017 6.057 6.017 6.057 6.057 6.057 6.169
CP 1.1376 .9111 .7237 .5908 .5491 .S393 .S119 .4908 .4731 .4580 .4466 .439S .9771
IMPUL OPT 163.99 224.12 261.84 290.01 296.38 319.67 337.76 311.93 363.08 371.87 378.81 139.96
IMPUL VAC 219.88 281.35 309.73 321.27 329.47 341.19 357.68 367.18 375.41 381.60 366.49 2S6.62
EPSILON 1.032 1.4S9 2.343 3.479 3.935 6.757 II.S0 20.5S9 36.072 63.368 111.401 1.000

COPPOSITION SHIFTING IMOL/IO0 GM)
18.66 F .0030 .0009 .0C02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0013

-64.SO FON 1.6266 1.6287 1.6295 1.6296 1.6296 1.6296 1.6296 1.6296 1.6296 1.6296 1.6296 t.6296 1.6283
-26.10 FaH9O .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
58.60 FaN .0000 .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-L.70 FaNaC .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
J2.40 F*C .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
•2.10 m .28C8 .1S22 .06IS .0159 .0039 .0024 .0002 .0000 .0000 .0000 .0000 .0000 .lss
19.20 I-N .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-10.00 m*N*C .0012 .000S .0C02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0006
9.33 H*O .0S17 .0223 .0064 .0010 .0002 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0293
.00 H2 1.7613 1.8045 1.8304 1.8S77 1.8633 1.8640 1.8650 1.8651 1.8611 1.8651 1.8610 1.8646 1.7933

40.30 2#2N .0000 .0000 .0co0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-ý17.80 H200 .7492 .7884 .80?6 .8137 .8146 .8147 .8148 .8148 .8148 .8140 .8148 .ls48 .7794
-11.04 m3*N .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0004 .0000
I13.00 N .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
21.61 haO .0064 .0021 .0004 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0030
8.06 N-02 .0000 .0000 .00O0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 N2 1.7435 1.1460 1.7471 1.7473 1.7474 1.7474 1.7474 1.7474 1.7474 1.7474 1.7473 1.7472 1.?4SS

19.10 N2*a .0000 .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
59.56 0 .0047 .0011 ,OCOl .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0018

.00 02 .C000 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0003
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328 .42 1.*313. 44.

"SL4 ICo PP14 W- ff& .40C 244. 24. 0 .383 3.3£LVC E T I T IVC CFSAC A

-:',40.41*0 .49 0 31S.4 20.75 25.02

.94.32 .449q 322. 34. 4.702 4: 16 11

S:OU 9.w .4a . . 47 .2 -1 . 480 32.4 3. 4 7.40319 1

427.7. ý or -362. 03 . 4 340.3 3. 3 34..0 353.1 117.

.. 3. 422 6k' '724 1 , -o. : 0. 344.4 13.'h6

1 93 44 1.404l~. - 93 .1.4 .457 0419.3 32.0 35? ?6 1 4.7 L.76 39
4.4.028: 1 :16 .420 :' - 1:33241 344.1 33.4 34076 3542 3"

20.000 k330 2 154343.3 IT'3:3 .44 35. 14244037. .4
33.060 557.453 .3 2. 137 .4 4. 332.5 337. 3 .7

3 3 . 0 0 I 1 7 . 2 3 3 , 4 9 7 0 4 . - 3 4 4143 3 7 3 1 3 0 2 . 0 5 .. 7 7 4
74.040 46.055 L.471 418.3 3. 43 .442 347.4 3 5.0.422.04 344. '77
1400 44.7 43 402 342 2 33.0 30.7 341 34.7 I .7I,9 :9 3-. .3

34000 25-.74 L43 433 -3.8. 4414.2 3.42.3 359.5 1.732

40 .0 0 0 ,2. 4 ".7 4 4. 7 -3 48:I0 3 0 0 3 .3 2 . 3 4 . .

4 3 0 00 43 .7 0 .44 ) . 14 44 .4 - 337. 38 .4 4 4 32 . 30. 0 27.. 7 34 .3 1.7 4
42000 547.340 .340 0447.3 -137.45 .444 350.7 9.1 24.530 340.3 3.737 o

4300 47 3 .3 11,34. -337.72 .44 330 4.1 116 0 2420 340. 1.78831,I0: 5. .
44.00 333..2 .33 43.4 -37.48 444 33.3 6.7 9%4331. .

I400 1, 043.347 .25 4208. -335.34 .- 47 352.4 9t.3 32.433343.3 3.793

30.00 33.43 .244 534. -343114 5 .0 3 2.3 20430422 3.

Do 1 ; 37.3417 4384!4304

11.00 6k.111 .01 "O.2 -IIS29 2 973 * 4455.7 "4724827

3.020'ý " o 30.0 339. 23.93 '.3 4 .. Z.1

1000 18.333 34'1s 304.7 3.3 .97 300 147 .90 243 244 254 5. .4 .4

2.0.000 4c.02 33001 47.? 504 .428 244.3 47.3 V.115 28.I6. 0. 0. .4 .4

4.00 5.239 33.44 b?144. -77.42 .43 9. 0. .5 037 353 33. .4

7.00 47.787 54 '343.2 4. 4 .53 323. 25.3 4.3 3. 3441 3.7

9.00 4.27 344343.0 -31.0 40 34. 92.4 31.237 443.4 5.3 3.702

3.003o 13340 2.3 354 -357 43 73. 04 743 34. 346 .2

35.000 a 7.32t4 31.739 14786.7 -36.92 .522 344.4 37..4 3.0 80620.45 3094.4 3412 .3 9 3.733

34.000 42.324 .542 331.4 33472 .44 394! 37.'1,4 ; IN3733. .

23.000 24.3 .3 042 -18.49 .473 392.4 35b.4 39.44 34. 3:.774111 T21
23000 1201 ":,1300. -120.95 .470 35.4ý 3 4. 35.4: 34. 3:.7439 624.000 343.37 ,7 494. -32.3 ,44 395.3 197S 3 44.5 09. . 4 3.7ý48
24000 ?53.244 .783 44.7. 325 .444 354.4 14.623.30533. 1.744

.:0.00 47025 .43 A 1. 3 396 IS4 35. 337 08473. .0
200 34.424 .33 444 -2. 43, .46.34.4 3. 0 2 2.24 373 IT8 34.4 3.630

33.000C 01.3 s5 493 -2. 0 .40 84.1242.0 7. .0
94.000 4 .93 it7844 347 . 4 .0 32.42.45 379. 7 3 .8134

45.00 73039 .31 41.0 -37.3 .44 42. 3.5 24.347 4 75. 0 1.8334
34.000 423.334 2.)"3 444. -304148 330 1. 3 2 3. .3

28000 443.04 1.45. 438.8 -328.38 .4371 344.0 1: 32.3 2. 2417. 3
3400 7.434 1.942 430t.7 -132.75 .451 344.4 33.4 24.443 374.4 1.434

43.000 330.0510 L.126 835. -494 54 843 3372.37 .822
4700 74.o .34 : 807!4 -32 .7 .54' 343.7 ý: "" 33. 2934 " :37. 3.2

44.00 441 . 07 34 704 -3.3 4. 31. 3202 27.3 3.424

44.000 494.453 .3"7 04.: 1 33.8 4 .440 348.3 30. 34.b 4 374:.0 3.832
60.000 472.522 .*6 308 74.9 -132.32 .466 348.4 .2 10.7 3 .83 374.13833.404 2441 '44 3452. -3.7 .4 8.0 3. 4 4.0 324 332 32.q.0 .70' -':4.'1I:l '. 1 TI1:l

I0.6 .1.3 6 S.1 1: 1 1
I400 4A.1



PRESSURE PROFILE DATA
SYSTEM LICUID BIPROPELLANT PC 300. PSIA
COMPONENT TREE FORMULA DENSITY HEAT FOKM WT. 0/0

DEG K GM/CC IKCAL/FORM.WT.)
126 0eE2 1.53 +3.5 So.
296 N2*H4 1.004 .12.05 SC.

BULK CENSITY a 1.212 GM/CC
PIXTURE RATIO - 1.000 LB OXIDIZER / LB Of FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 33S.13 EU/IOOGMS

CHAP6ER THROAT

FROZEN EXPANSION
PRESSURE. PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 164.4
TEMP, DEG K 35S9.2 2992.3 2506.1 2089.4 181O.S 1732.2 1426.6 1166.4 946.4 762.7 611.S 466.3 3125.4
ENTHALPY I-I -22.04 8.68 34.4? S6.02 70.07 73.94 886.7 100.91 110.81 1186.2 125.25 130.41 1.52
CP .5471 S5362 .S241 .5096 .4972 .4933 .4755 .4579 .4422 .4299 .4212 .4159 .5392
IMPUL OPT 163.46 221.73 260.59 283.0? 268.96 310.46 327.01 339.96 350.06 357.96 364.17 143.16
IMPUL VAC 256.98 279.46 301.55 315.74 319.S9 333.93 345.26 354.18 361.19 366.69 371.07 254.68
klSILON 1.023 1.407 2.223 3.276 3.702 6.320 10.922 18.987 33.095 57.779 101.006 1.000

SHIFTING EXPANSION
PRESSURE. PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 170.1
TEMP. DEG K 3559.2 3232.0 2908.7 2574.2 2307.0 2225.1 1881.7 1570.1 1298.8 1066.0 866.6 703.2 3326.1
ENTHALPY I-) -22.04 9.56 37.66 62.42 79.20 83.92 102.24 117.60 130.37 140.89 149.50 156.48 .74
X BAR S.9C9 5.796 5.707 5.647 5.622 S.617 S.606 S.607 5.606 S.606 S.606 5.606 S.826
N $.9C9 5.796 5.707 5.647 5.622 S.617 5.606 5.607 5.606 5.606 1.606 5.606 S.826
CP 1.4448 1.2133 .9548 .7282 .6061 s59S I.101 .4807 .460S .4435 .4204 .4171 1.2056
IMPUL OPT 165.61 727.89 271.07 296.78 303.61 328.81 348.51 364.13 376.49 366.30 394.09 140.78
IMPUL VAC 263.48 290.66 317.43 334.56 339.20 356.56 370.38 361.42 390.21 397.20 402.74 259.79
EPSILON 1.036 1.488 2.440 3.675 4.171 7.241 12.691 22.377 39.560 69.955 123.636 1.000

COMPOSITION SHIFTING IMOL/I00 GM)
16.86 F .0098 .0042 .0C14 .0003 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .005

-64.50 FOH 1.8420 1.8477 1.6505 I.6S16 1.@SI8 1.8518 1.8519 1.8519 1.8519 1.8519 1.6519 1.6119 1.S464
-26.10 FOH*O .0000 .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
58.60 FON .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-11.70 F*NeC .0000 .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
32.40 FeO .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 H .3941 .265S .1531 .0670 .0266 .0166 .0030 .0003 .0000 .0000 .0000 .0000 .3015
19.20 MON .0002 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

-10.00 *9NOC .0022 .0012 .0c05 .0002 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0015
9.33 100 .1230 .0747 .0356 .01S .0033 .0021 .0002 .0000 .0000 .0000 .0000 .0000 .0881

.00 H2 1.1932 1.2006 1.2187 1.2425 1.2172 1.2603 1.2671 1.2683 1.2665 1.2685 1.2615 1.2684 1.1974
40.30 M29N .0000 .0000 DOCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-l7.60 H2#0 .7463 .8251 .6617 .9127 .9223 .9237 .92S7 .9259 .92S9 .9259 .92S9 .9259 .8041
-11.04 H3*N .0000 .0000 .C000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 h .0OC2 .0001 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 --
21.65 %e9 .0200 .0100 .0C38 .0009 .0002 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0125
8.06 N*02 .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 N2 1.5486 1.5545 1.5580 1.SS96 1.S600 1.601 1.S602 1.5602 1.5602 1.S602 1.5602 1.5602 1.5531
19.S0 N2oO .00O0 .0000 OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
l9.56 0 .0230 .0096 *c2? .0004 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .012A

.00 02 .0057 .0026 .0008 .001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0034
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SYS7EM LI10020 62030813L390 PC 300. *111
COMPO*13*7 7819 *666336 f6*2 f FOA7 986 . 623

00 6, K0GOCC 26C6126066.87.
126 0WE 1.53 13.1 SC.
096 902994 2.00* 312.03 30.

EPSILON PCUP P I324 ""IP 10573LP7 C. CL, I .......CDIVA I IS 2112672VC CF ISA C* 363
000 I .3C4L22003 G" 6 2*G IF" . 2000 S0 'LL

2.000 30.023190 02.0 'a.3*7 I

~ 7.922679 2694 jt:~ " 2", f:. " " 2628 12!:1 fl 12f.,o'
4.000 27.6C 0.92441 32214.4 -20.* I ..59 3202. 6 23*. 93. 23. 23. 2.203 2.2

2.000 4.807 15.%0)2.1 -32.99 ..13 23.3a .92.0 2 04. 2.3 2*622 2.9 2.86
10.000 26 1'72.7 203. -9.2 .86* 3297 29.0: a.633 162. 34.1.

2000 233.05 221 367. 2290 .433 337.6 23. 126232.3 1.733,

:0.00 932.L69 2.26? 963.9 -296.93 .433 356.3 23.96 2.1% 23 2.3
290 000 272 1911 2:.203 336.2 -220.8 .3 330. :0 23. 22.63 333.2 1.742

,0.000 :23.33 2 .C2 2.1: _126 :.,3 3.0 20 .3 23.337 34:4. 2.*
21.000 140.113 2.330 91260. -222.30? .4110 342. 10 23 . 16 233311.0 4.736
22.0 " "0 " 23330 .687 6 . -22. 22 .339 0 23 230 . 2 3 61.2 24 , .712
23.000. 062.211 .60:267. -223.78 .3361 233.7 23. 2.70: 339 23

26. 000 380.3 .62 6264 -226.3 .43073 2.923 3193 276
29000 252.633 L.1919603.1 -217.07 ..30 337.9 22.6 129.63 13. 1.76?

2 .020 37602 .'2 772. -133 .33 3.3.3 22.5 12.76 360.6 277

33.000 16129.96 .93 476 7 13.7 -2.2 .42 603 22. 250336.1 2.777 O
j3.000 617.323 P.43 736.2 -229.33 .329 350. 20.9 2376 33.6 2.7
36.000 333.323 .36 73. 9 -229 1.6 :.32 3 . 0. 33 236 . . 8
07.000 7230.1*3 .322 730.0 4202 .32 33. 22.2 362.4 2.732
26.000 782.722 ."6 0372.3 -1270.3 37 232. 20. 0393 36.7 2.60
39.000a 772.763 .69 7823.0 -220.67 .327 332.6 20.8 21.632 363.: 276

10.000 629.690 .376 707.0 -222.27 .321 33. 20.2 1072.31 360.2 2.17s
62000 810.323 .362 0.223 .326 : 213. 0.2 21.03 56.1. 2.767;

"32.00,0 D8.3 33339.3 -2.74.2133?20.01 26.7333. .3
43.000 6403N .3737.P2202.22340 99293303. .6"33000 710.763 .30s6 692. -222 .32 233. 3.6 to 0. 24. 363.2 2.7903.000 912.022 1.2 373.3 -222 .83 0 . 3. 7 300.32 333.315 1179

46 000 6 .2, 0 3 . -222.60 .3,35 0:.224 856 . . 9
47.00, 0 2022. 16 1 .23 330: -230 .33313 353.013. .3

40.000 920C.664 .27b 637.3 -223.72 .423 333.2 9.3 33.22S;063. 273

4':0 0 :'I':O'l 6 1 078. .. 6732.6 P7.2, 64. 11
40.00 10t.5 .1A,,000 .. O. - 1 0. 10 3P 30 200 4000 0,

: 0 02.OCO 30.?"s 3139.2 12.2.0 4 2.333 , ;,

2o*.00 .. 76 21.3 36. 7 .6 2801.13229.0 2.702 3.2 36266296 .1 .6II
3.000 23.26 220.167 22126.2 -62.38 : 1.8 02.3 38.0 2.799 30 .0 3.9 3. 7.0

3.000 32.272 9.32t 2209.3 -90.5 IS 9327 3.7331353 3. .4
6.0001 82:011 7:.282 2933.6 -9.6 .327 322.0 30.2 4.220 33.9 332. 2 :.373

7000 3.1 5.3292922.2 .3 30. 28.2 3.901 337.2 313.3 2.391
8.000 33.532 3..722 2623.1 -203.29 .. 03 53. 266 3.62*133. 3931 2.122

9.000 ~ ~ ~ ~. 73.17 3.7 276. -20.3 .49 33. 42393 2. :36. 217

20. 000 37.985 3.20297 -2243.90 330.6o 24,,.2 .07 33T 2.6 363.39 2.739

26.000 22. 1 .37. 2337.7 -226.20 .330 3369.3 22.8 9.201 333.3 370..3 2.767

26. 00 0 271.043 2.134 2434.2 -223.23 .72 355.3 29.6 22.903s 313.9 373.2 2.766
27 .000 266.10 2.30. 330-2.40 .470 3 1. 29. 22.023 37"8219

26000 2C2.210 2.384 2360 -22.3 .36 35. 2. 2.3 373 .9

2000 2360 2.6 2389.0 -280 84362. 2. 4213 379.4l 2.90
22.0000 239.739 2.1202 2327.2 -229.07 .44 062. 2772.6 6. 1.2
22.000 231.639 2.229 2304.3 _230.03.6 6. 732.2 6. .2
23.000 262.723 2.C62 2266.7 -230.93 .60 063. 272282014.9 2603
24:.300 300.77 197 " 2266. -23.7 .338 363.6 26.8 63 3621.6 L.623
1'5.000 329?.237 .40 12230.3 -2J32.39 N3 363. 28373063.3 2.6260

27.000 33672 .9222. .40 81 321 26.02.043 68. 32

29.000 093.176 .75:190: 2269. -2342' .8324 370. 21. 20.93 363.? 2.636
30.000 424.633 .72 2273ll.3 -238.03 .312 370.3 21.3 22.22 366. 2.940
311:000 4.14.213 .892 2262.0 -236.631 .330 31.6 33.2 22.9220 366.7 24*

3000 43.499 .661 114::3 -237.02 .40 3112 23.9 22.623 347.2 2.63
33100030. 13.612 *1 633 2260 -277 .499 329 4.2019 347.6 2.6471
'I3.300 333,66 .06 1223.2 -236.30 .346 373.5 24.6 0.0 6. .4
,3.000 323.332 .16 2229-3.2 14 7. 332.6 6. .3
36.000 $333.60 .962 2202.0 -239.09 .346 374.6 2430 71.316 366.3 2.83907000 333.315 .542 2092.4 -139078 .8351 373.2 23.21 606 36.3 2."36.000 310.644 .323 2062.2 -230.02 35337 233 26:7 39.7 2.1
3980 S9.5 .301 27.4 -230.63 .433 376.2 20.6 17.31s 090.0 2.619

31.300 637.232 .472 202 41-*.46 .443 307.2 23. 06.72 39.7 21.602
42.000 439.323 . .1413:0431 -28,6 .42 377.6 13.4 09.462 392.0 2.663

:3000 662.725 339 213. -9.4.482 37.2 23.3 30.294 392.3 .6

41:.0.00 729.28 .36 206a -229 4036. 303.6 92.9 2.866

87.003 776.360 .38 2000.7 -2*3.66 :439 37. 22.6 381332.1.738.000 830.29 .4 7 995.2 -2334.02 .433 360.:1 22.7 33.032 39.6 2.672
39.000 64.7 a 364 987::.9 4 -8.33 .33 36.4 2. 34.376 193.0 2.973
3:0300 6*6.443 .33 90. -246 .3736. 2.3 35.30239. 26*3673 20.419 13.696 0307.0 -79.20 .606 246.1 37. 2.572 294.6 306.0 330.0 34. 2.2 .941



PRESSURE PROFILE DATA
SYSTEM LIQUID §IPROPELLANU .-PC 500 PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/6

DEG K flNICE IC~F8M~.
128 O9F2 1.53 .3.5 $6.
298 NZoll' 1.004 .12. 05 114.--

BULK DEN$ItY - .1.24S G"M0
PIXTURE RATIO x 1,213 LB OXIDIZER /LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 325.111FU/100GMS

CHAMBER t- - - THROAT

FRtOZ EN EXPANSION
PRESSURE, PSIA 300.0 -134. 7 60.49 7.-2.16 14.70 12.20 -5.ls77- 2.460 1.104 .496 .223 .100 165.0
TEMP, DEG K 3739.5 3137.9 2623.S 2184.1 1890.7 1808.6 1488.2 121S.6 985.5 193.5 635.3 S06.7 3281.8
ENrHALPY -I -20.17 10.4? 36.18 57.$6- ?1.31 5.5 90.03 102.08 111.88 119.19 126.15 151.23 3.21
CF .51140 .50164 .14934 .4809 .4696 .8660 .16498 .4332 .4184 .4064 .3979 .3924 .5O69
IMPUL OFT * 163.2? 221.341 260.05 202,101 2A 8,? 309,641 328.11 -33.8.93__34S..9. 35.6.?9 362.92 14a2.63
IMPUL VAC 256.55 218.01 300.81 314.90 318.1`2 332.96 344.70 353.0b 359.98 365.43 369.70 2541.29
EPSILON 1.023 I-al05 ,2.17 3.267 _3.689 6.293 -10.869 18.882 32.881 57.337 100.11? 1.000

j6---- - - SHIF T ING EX[P " NION - -
PRESSURE, PSIA 300.0 1 0.7 609 21.16 11.70 12.20 S.1177 2.460 -1.104 .1996 .223 .100 171.0
TEMP, DEG K 3739.S 3434.1 3150.6 2873. 26533 2583. 261. 12.10 1620.1 134S.6 1108.8 906.83521_
ENTHALPY (-1 -20.17 11.k8 39.91 S!, 831 82 0.3 151 10.02 152.16 16.26 Mt.45 2.31
X BAR S.614 5.886 --5.373 S.21`9 5.2235 5.210 S. 5172 S. IS$ 5.156 S.156 S.156 5.156 S.523
N 5.61fi 5.486 S.31`3 S.214 S.223 5 .210 S.172 5.158 5.156 S.156 S.I56 5.156 5.526
CP 1.7301 1.S930 1.3767 1.0900 S8SS1 .7941 .S644 .4881 .%52% .432r A6157 .4007 1.6413
IMFUL OPT 165.93 228-.62 272.88 299.81 307.066 5334.22 355. 9 6 373.31 387.19 398.32 107.22 110.05
IPPUL VAC 264.09 292.63 320.916 339.77 3114.95 364:52 380.16 392.65 b02.68 I10.72__117T.15 260.14
EPSILON 1.03R 1.507 2.S20 5.873 16.42S 7.078 11.016 216.9167 111.487 79.35 111.36;ils 1-.0060

COMPOSITION SHIFTING (MOL/1OC GM)
18.86 F .024S.0131 .0063- .0ý025 .0010 -.000? .0001 .0000 .0000 .0000 .0000 .0000 D01S9

-64.50 P.11 2.08-9S 2.0610 2.0678 2.0716 2.0731 2.073% 2.0740 2.0411 2.07141 2.07%1 2.0741 2.0711I 2.0581
-26.10 P.11.0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
58.60 P.3 .0000 .0000 .0000 .0000 .0000 .0000 o~oo o0 .00 .00 00 .0000 .0000i

-15.70 F*N.0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
32.40 P.O .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .0000 .0000 .0000o . *0000 ..0000 .0000 .00.00 ,.0000 - .0000 .0000 .0000 .0000 .0000
S2.10 H .4b03 .3286 .2301 * 1880 .0875 O0725 .0243 .00b6 .0005 .0000 .0000 .0000 .3606
79.20 HoN .0003 .0001 .0000 000 000 000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

-1.0HNO .0032 .0021 .0013 -00?8 .00 .0003 .0001 .0000 .0000 -.0000-.0000 -.00006.0021-A
9.33 14.0 .2136 .16b10 .1127 .0644 .0337 .0262 .0060 -. 0006- .0000 .0000 .0000 .0000 .1792

.00 H2 .7383 .7080 .6799 .6604 .6SS5 .65S9 .663S .6699 .6716 .6716 .6718 .6718 .7170
180.30 H29N .0000 .0000 .0000 .0000 .0000 .0000O .0000 -. 0000 .0000 .0000 .0000 .0000 .0000

-57.80 h1290 .6542 .7600 .8601 .94S2 .9931 1.0038 1.0302 1.0564 1.0370 1.0370 1.0370 1.0570 .7206
-11.01 H39 -N .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 N .0004 .0001 .0000 .0000 .0000 ..0000 0000 .COO-O-.OIdTO- -OWOY .'070006 -OO .00" '062
21.6S NOO .0050 .0302 .0178 .0085 .0037 .002? .00014 .0000 .0000 .0000 _O .0000 .0000 .0381,
8.06 N*02 .0000 .0000 .0000 -. d0000 .-60000 -.0000- -.0000 .0000o- --.0000 .0000 -. 0000 .0000 .0000

.00 32 1.348S 1.3566 1 ,.3633 1.3688_1.31`09 1.5715 1.5727 1:3129.1.31`29 .. 1.3729 1-4729 1.ST29 1. 35 ci
19.50 N290 .0000 .0000 .0000 .606000 -.- 0000 .0000 .60000-- .0000 .0000 .0000 .0000 .0000 .0000
59.56 0 %119 36 .02 .JOBS .0028 .0018 .0001 .0000 .0000 .0000 .0000 .0000.01

.00 02 101 086 .01j, .0089 .0017 .0012 .60001 .0000 .o0oo0.000 .700o .0000 .0206

-216a-



051558 LIQUID 0161090PLL005 PC 300 PSlO
089P85tt5. 3815 680501k 0110111HI F0003 688 I. 9/1

I - - As *3 S'04

2489200 1.. .00b .52.01 0

ESILON7 PC"P P P11* 5161 1I5000LP9 CP C40 1 5I 01,b 40, 0t00 I 00 I A' I 05 I 9AC CF SEA 09 VAC
DE,004A 501/5030 OR 0D0EG L IL 5000 13000 LVI

si2.000 9 .90 005221?-24 .vs 313.9 02.7 59 7. 8. 9. 9.0 5.40 .
3.000 17.913 16.711 1 54D.7 -00.00 .o7 12 229. 0 1.0a 2.07 202.51 295.2 109.0 052.5 5.190 5.04110.000 27.906150.700 5701.9 -17.60 0004 295.9 29.2 2.755 239.5 910.1 235.5 5.002
0.000 59.1"1 7.009 1018.0 P0.2 .17 152 2.5 q.404 3 25.5 S21.3 1.612
0.000 1. :1@9 :'Z 23902722.9359 .i

7.00 0009 00 : 035. -9.0 .002 353.2 222071575010 502
0.000 79.952 5.0 552. -910 .029702.1.7099153 500
9.000 93.905 3.538 5000.5 -90.2 ::59 22. 59. 0.50s 850.5 0 5.7

50.00 509'.809 ? 2.70 521.0-0. 5 .05 525.9 591.8 0.957 595.0 302.7 5.040
5.0 52.0 2.051S 5250.5 -502.1 b5 % .0 20.0 50.0 709 15.7 S00.0 5.090

52.000 05147,9 .2.11o 111.2A -103tl ' 1 .2 0 ,,a ? f7. 1. 2 .. ;:-5.5050.000 159.059a 5.979 1130.0 -1501.0 .29 300. 5058902.2 00.w.7
5.0 5158.525 5.080 5500.9 -500.90 .0030050591030.a .5"5100,0 59097 5.2 520. 1 50.0 02 1 h 30.0 51.0 50.200 309.0 5.2

57.000 ?31.25 521 5 T 020.5 -550.17 .025 030. 50. 55.090 905.1 5.35

59.000 27.8 .9 98. -15-. f 13o 039.5 so. 52.,0 S1. 5.759I--- T
2 oro 0 29.205 5 .050911 90.3.'9 -512":.7 .017 300.51 o41.7 1. .0

2200 395.220 1 .879 98.:91 .1:1129 .05 51.9: 1 3. 120.90 0.5 5.0

2300 00.* 92 5. -550.94 .070 102.5 12.3 50.701 900.5 1.502
20.000 587.98?1 .75593 j. %Li0ý0oj 75.0 - - -509- .1

27?.00 0 060.151 .8S2 817.0 S57?.59 .050 901.71 122.0 19l.000 317.7 ..702
29.000 090.018 .019 801.0 -157.08 .010 308.5 55.0 19..533 $58.1 1.76!
2300 109.051 .069 803.9 *559.51 .009 500.5 I:.? 59. 79301.0 5.700
97:.000 135:09 -:%002 82. -5.0 00 07 s 20 5 - - 01.0- 1.76911 -

52.000 S59.040 .059 802.0 -559.0 015811. 21'.70 1. .
99.0001 008 1:0 .09 72.5 -1.19.90 A.00 39.0 55.0' 22.181 30.0IM7

So000 031.90 .95 78.10.2.0 509.0 10.9 23.000 300.9 5.710
41.000 0063.88, .407705r 501 .4000 503.9 50.7 25.707 303. 5.770
59.000 692.311 .0335'S 7 02 9 i -ho I3 SO~l.% 500 2000 361.0 - j-55
57.000 725.063 .16 517Y.2 -12 1.25 .000 510. 1.1 2.1798. 519

00.07 0.00 .5.500 -1222 .005 511.9 510.5 21..000 502.S ):,I:3
05:.000 819.1 F.55852.952.0 .003 912.1 70. 29.0' 30. 5.8

04004919211 15551.1 -121.09 So0 a1 9. 409 0; .
0900 90.09 .25 50.8-250 .0 515.5 3.10.90 505.062. 5.780

08.000 :91.:211 .005 0 190.:1 -23.90 .005 515.9 t9.0 ? 35.9200. 1.790

09.000 5015.8 .280 ?i *9,9 -1 0.2 .0002 510i.1 9. 285 _S62., 8
0900 59055 .7580.5 -501 .010. Cr:7 t --1 -11 -

10.000 5550.099 .209 075.5_ 52.52 .000 500.09. 00s51 0.2 5.790

5.285 20.010 50.8306 1890.5 7. 1.07 292. 02. 2.25 282.0 292.2 511.1 5"10.5 5.391 1.055

$9150190 LAPANSIOB

EPSILON PC/P P~l 5059 105EM 7 P IN01/I 2AL 57 .,OC'LO OELAL 1 SEA I AT I AT I 000 Cf SEA CS VAt050 9 SCOLd 50005 GP DIL I9 191 MO 500 10000 LOL

1.000 ;5.5k10 5.020 3122:0 -2.3 1.0 500.5 520.61 .72 294 2.9 059 200.9 5.230 1.1987
2.000 85o3.90 20. -122.570.9 1', 5.8 285.9 290. 500.9 309.197509

7.000 10.502 0.5 276.5 -5S2.92 .959 290.0 05.0 7.11F 295. 907F 92.0 39. .00 1.

.5CC2.083 . 1 01 .6 539.7 2 .9 ...5. 505.0 309. 9

2520.511 : -15.5 :.11 505.9 25.0 $.080 509.3 3795. 5.70355.000 39.000 7.003 2071. 9-380 .115 9 . 2005.0 00. 370. 7.5752.0009 9917 2.90221 529. 01dSL 1~~l.10 4.93__ 556 370.9 ;.59
53.000 5$0.99S 2.758 5951.0 5208 .090 3130 2.9 9so 5 302.74 7..9
50.00 525.520 %.2.00 592 I .0 -5021.05 .089 100.9 20:.2 9'93 08.!00) .0

50:000 530.0901 2.3389 3. -525.0 9 90. 2 23.: :0.100 0039 385 .8 W AS

5.011010 900.55 1:.09'Ao 382.0 L-303 .02 522 2.'200n0. 9..2

50.000 570.36123 1. 5 791S.0 -1221 0I k908 150. . 2A 7Z 1 _ __ _ 30. 390. 'T_ 1.1

59.000 578.908 2.6319 3270.5 -12S:44 .01 51.E50I ST907. .0
2000 27.1 1909530.1 -53.0W 8 0.12."S: 27. 50.' 9 398.2 1.5

INS00 25.90 5.9 15.1 -193.90 .009 309.15 2.0 1.570.90 189 31.2 5.080

:2:,010 200.030 5.2 1,29 .500 11 * ?252.2 22. 1200%2 S0669.1 200o02b 4.5 '..27
551940--Z-0173 _J 95.9 -S-- 15.802

290021.2 7.1602 5000. " 6.1 .0 b .I.0U19 sl.I .
21.00 25.0" t'.'405 5059.7 1500.01S .o02 955.0 78.3 55.101 3152. 5.0

25.'010 100.205 .98 1500.0 -505.9 .009 37NS 0.0 58.811 5907902 1.

50.00 543.093 1.59 50629.21 -$010 .20SS 3719.5 550 2523130.!589,
5 200 1701 1.5501 51533.f-t -l .1o111EC-102l, 1 ! - so-- .8

52.000 M5725 .7159.51.0 .05 57. 75. 22.0I693952 1.9
53.000 0t030 .0592050.55 :.o2 1800 50 3.5 3959 5.8
30.003 ".2415 .55'505. -50.9.0 .005 585.55.2 20'.72 3 I 95.5 5.99

50.000 203.909 .030 15010.9 -509.00 .ooO 3965. 57.0 20.859 396.8 1.993

3000 0..0 .00 5005.7 -570 .0954" s.015 .- -

00.000 128.000 .R70 52932-007 .3 5904 5.55.4 00.09.. 90
05.:000 0.103.0 0.115325 -510.1 .000 991.0: 501.0 25.90) 00.0 7.0

02.000 00) 79 03 7352-550 .3 9 .92b 29.022 02.9.0

00.000 10.3009 .03 5100. -715.91.030 387..0 50'.0 5092 02. 795
00.0000 8506.951061 00. 0.8 .032 59 7.02 50.0 3 5.5 08E9 5

07.000 00.35 .01 53125. 5520.38.0 70 35.09 003. 5.7
06.000 050 320 .0 1 5552 .00 zi of . ST 53 . 1' S 2 . 3005.9 7:907

09.00 090.0816 .05 5805. -539 MS30599.270.96 40. 1 1 .90d.
00.0001 1:0.72 .02 5,340.9-10.5 .03390 0 3 30.39 080.0 7.920

1.53o S0.0560 :009 203. -8.5 i 5f 29. 2027629635. 3. 3. .2 1.053

Is I, "T6. 3 s. ,-



PRESUREPROILEDATA -

SYATI&LIGULD -2RPE~N *C -0PSLA~.- -.-- -

COMPONENT TREF FORMULA DENSITY "EAT FORMý WT. 0/0

ORG if CGflC 1KGALIFORM.WT.)
120 0.12 __1.53 +3.S 62.

-. 2 .ffN2iL--------- LLO tit. 05___ .
-- ULILDhmtSI-t- k216.y GN/-t - -- . --

---- MIXTURE RATIO - 1.632 LO OXIDIZER I LM OF FUEL -

PRESSURE PROFILE DATA

- CHAMBER ENTROPY 310.73 EU/IO06MS

- --- ---- -________ -- --- . ~~----__ __ -- - - -- THROAT

FROZEN EXPANSION
PRESSURE, PSIA 30. 0 1QQ34.7 -- .216.1.TL22 I..7 2.1.6 . -0 . *1&9-6_ *1t23 _ .100_ 1641.
TEMPP DEG K 36-68.0 32'34..4 2695.1 2236.11 1931.2 184.6.0 S1611.3 1233.3 997.1 000.5 639.3 b08.? 5331.I
ENTHALPY 1-1 -141J31 57-879 i.L1iLU.5 010.1Q5A.~.l tI2*-,25 129,11 1.809
CP .1.791 .%.711 .14611 .11169? .1.399 .1.366 .4.221 .16067 .3932 .3022 .571.6 .3698 *.4736
I.P.PUL. OP T 161.87 219.27 25?.1.S 279.1.3 25 19 306.1 322.27 ,34,7.9 3441.5%. 452,j A 356.11 14.2.06 _

IPPUL VAC 251..1 216.06 297.51 311.36 315.09 329. 00 339.95 354a.55 355.27 360.b1. 364..67 252.02
E PSIL a 4 i-.;-29 _I.4.01 _2. 205 4. Z49 3.j658 6.2Z25 10..726 18.5.89 32.296 560.19.1 9Y.911 1.9000

PRESSURE, PSIA -300. 1 WT"ib.7 609 27 16 .70 12.20 S.1.77 2.1660 1.101. .1696 .223-.100 171.3 -

TEMP,_D~ 386680 3S6. 3287.8 3,036.2 2853.2a 2798.6 256S.6 2321. 06. 1 75. 11.6.. 1211..5 3650.b.
ENTHALPY 1-1 -10.51 12.87 '.40;.9 66281.0 9;20 1,09.92 12.2 1..3 192 1.0 181.31 3.685
X BAR . 5.3441 S.21%.-5.095_ 14.9871-ke913 4.92 ~.12 l&.751 4.75 ..06 4..?5__ t4.705 b.252

N 5.31.1. S.214. 5.095 1..987 1..913 4.8092 1..812 16.751 4..715 41..?06 Is. ?05 hi.705 5.252
CP 1.;920 1-71406 i ý4.*45.l A. 3411__ IZL9.Z QAQ7. .7920, SiQ?7 .#63147 .14089 _ ..3919 1.7610
IMPUL OPT 161..69 227.02 271.28 298.441 305.82 333.98 357.39- 376.9S 393.06 4.06.116 ii16.72 138.83
I PUL VA 262.19 2908 319.3 339.05 344.1.3 365.95 38'..II 399.17 1611.84 120.831 128.sl 258.22
EPSILON 1.039 1513 2 550 3.966 1..5s1. 8.375 15.588 28.870 52.4.37 94..523 170.151 1.000

SCOMPOSITION SHIFTING IMOL/100GP)-------- -

18.86 F .0517 _.0$05-- 0I74.±9193 _.005's_. .001 .0019 * 0006 .0001 .0000 .0000 _.0000 .0359
-. 5 0 F. 2.21.146 2.2651 2.2789 2.2870 2.2909 2.2918 2.2941. 2.295? 2.296? 2.2963 2.2963 2.2963 2.2601.

-26. 10 F*H~ 0 00 00 00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
5660 FON. .000 1088! .00 .00 0 .0000 .000 a u-.0000' booo .5o .0650 .0000 .0O 6 -

-15.70 F N a .00 .00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 _.0000 .0000
32 .10 F 0O .000 .00 00 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2.0000 .:00000 .00000000 0 : 00.0J~Q0 -00 .0~00 .0000 .0000_ .0000 .0000
S2.10 H .4.118 .3116 .2251 .1522 .1058 .0934. .01.91 .0199 .00S3 .0008 .0001 .0000 .34.03
19-.20 HON. .0039 'Rog' I00 .00 .000 .091 9900 .00 000 0000 .000 .0000 .0001

-10.0 HO0 .0037 .0027 .020219 .020213 .20009 .0006 ANN0 5 0002 A5001 A550 .00 -00 .0
9. 303 H.ON .2815 .21.32 .2000 .1S1I4 I119S .1091 ý.0669 .0311 .0083 .0007 .0000 .0000 .2553

".:00 142 .1.1140 .371.7 -.32-98& .-2 2 1 .237 .221.9 .1695 .1176 .0826 .0753 .0751 .0751 .37

1..0 H2.N .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 - .0000
-57.00 M240 a.1.66 .585 .6890 .791.9 .6751 .0990 .9967 1.0801 1.1359 1.11.73 1.11.81 1.11.01 .551.

-1101 H3N.00 .00 00 00 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
11 S0 N .0006 X0002 .0001 0000 !050050 .0000 .00 .0000 .00 .00 .00 UUO T-

265NO0775 .0609 .01S9- .03.26 .0238 .0211. .0123 .0053 .0012 .0001 .0000 .0000 .065?
"8.66N0 00 00 .0000 .0000 .0000 .00 .00 .00 .00 .00 .00~.00 .00
.00 M2 1.11.1.7 1.153 1.1618 .1.1687 1..1733 --.i1746 1.17?94. 1.1829 1:1851 1:18657- .18I5l1 65 1.1511

19.50 N2O.000 .0000 .0000 .0000 .0000 .060 A000 .0000 .0000 .06060 .0000 .0000 .0000 .0000
59.S6 __001 01149 0000 09 .SO 0w .07 .0000 .09000 .141.

.00 02 .0717 .070 .0614" 2.02112 1.01.0i To.~ .20 .15 02 00 .00 o5 1
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991190 LIQUI0 6099399LLA1.3 PC So0 9931
0099901491 1819 F1INI9LLA 01100 06*.. AM.. 2DIG K .1119 1 1C 'ACAL 91 ..11.1. _______

21 1.2!.0 101h .12.05 is.

C SEA.1 .99. '44, 9EPSILON 909 9130 I19 G1.10LP9 IF 01-19 31 OF, 1. 01.1... I ..A I A' I 'I I %.. 0 IRA C' A
CEO0 I K 000.0.. ...J..9 .10 Of,/I R ... ICO. LY

1.000 1.1091", .01 31. 1 -1.19 .13 11.2.1 110.0 .6.10 22. 21.1 2 501 22.0 M.201 . 1.31

2.000 9.1. 3.11211 .3 -. 19 .32 011.0 11.9 1.36.1 213.32191 " 9. 29.1 ".09 1..
co . 14 0.311. S9.1 11 00.0 21.1 52 3 2 93.1. 3.1. 1 .6

9.101.~P0. .0.3 .. 3 11. 03 112.12.1. 31.1. SO11.
0.000 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~1 93,0 9.1 130. .011. .11 1.. 1. ...1211.3 33.? 111

10.00 11.11 .11 11A.1 -9.? 1.9 201. 18 1 7 A.1.3 $21.2 91. 1. 1.013000 it0. 1: . "2.11. 121. -u0.s, 1.1 2. 1. .8 321.1. 328.0. _ _ .3.23
:2000 6S..200 %S2 1449.1 -JD 2.1y o ~ ~ 1.!. ~ ~ . - . 2. .4 11 13:1, 9 13 *1 1.i0

.13000 10:1.30 1.8 111.01 -101.1 1.1.0 :2 1 21.0 ' "1.128 192 12S.2 1 31:1. 1.11000 9.90 1...91113 .092 .10 32" 1 101. 9.. 1. 11.. 331
190.00 l01.200 n.1.9 W766.6. -10.00 .3Of S20.9 .1 1.2 10.1 1.1.0 1.685,
101.000 260.7.30 2.567 1021.S -10.11. .0 311 1. 10.130 640.b 1.695

10.00 21..010 1.101 15 091 -A -Ii."9J1 39. u91 12.10 lb 3..1 - 1.9
1900 1.00 1019 90.. -109 .30 030. 101 122. 31.89:22000 J0.1. .9 0101 11... .9 31.? 1331.2 3193 .11!.000 1 .929.11 .692 93.. .1.. .9 0 .230 911:3 13.2 .1

"". 0 1..9 .93 0 1913.0 IC.11. 1 .9o0 990.0 1 152. 10.1:6, 3100.5 1.11.

2800 91.9 .130 , 90'.1 .- 19 : .8939 0.1 5 1.1 14 .7 ~ 10.10.. .0

A2 coo00 0 .13.11 1,3154t. -0. -139 . 3 5k .!. 91.1. 19.1 3334.0 .1
29.000 240.713 .1.01. 92.1. .110.4". .0001.2.9~ :1:.1 M 1.9301 1 .9

1100 1.19 .31 91.1i f71. 111 111.2 30.0 5201. -y I9.9 I .1.,
12.0 0 391.1.20 .302 90 3. 100. .0 111 002... 3. .1
19.000 515.230.9 .. 0, 191.. A 10.. .01. 01.. 9.. 3:6 1. 33.3 1.1

l.OCO 1.3r8.29 ..39 10.0 -11.1 F 1. C1. 50322'21 3.P .1
"93000 092.290 .61.6 .060 .1:195.16 .56S 591.6. 10.618. 23. 31 J'53.5

20.000 11.' 1 .99 110. -100 30 1..0 1. 313 3.0?"390 S6"1..0 .11 S 1. -1"k9 '.129 99.1 9. 91 3.1 .?1911

1.9.000 S29.92 .929 190 - .99 .1 45.0.1 9.1. 20.22? 3I8.? .

1.1.00 103.331 021 "1:901 -::.11 1.11 11.3.0 2. 9.9:930,.0
19000 197.3.23 .21 M... 3213 91 3. .03. 1192 1:191.

"9000 11.31 2. .0.9.".. .4 i 1 0i~.5 22.m.. -£31
3.00 "':2.329 .23 003 .390 30 13. 909910 3.0 3.19

31.000 F41.19 .10013900. 109.1.1009ih.

99111 "cl(9C 9 13 . 19.: 199 190 9 CA? I 19 DOOA 01.010 3 1 9 1 l IVC 0 1 1.0 1..
000.1 90 1OO 00 10 9 w.L I000 300 1.0 LV . 7

-.00 0 3 .13 :11411. 120 -303. .. 9 12 1. 33. '3.. .19 1002'. 3. 092 123.842.000 0 .721.3 .30 6 l.1 .0 91. .3312 1 .39 23.1. 3 2.9 390 29. 29.1 0 1.9 531.9 s.o1 .11

.. .. 92 .2 " . _ ____ _ 5.1.2 14.-9. "

3.4 N O .99 2 2. 1.59 I 2D9110..0 .091. Sig.1.3 29..1 93.: 233 290.9 9 31 92.. 2is 1..0 .3.

11.00 1091.550 2.'99 22.."93.1 13. 309: 2. 199 S149 91.1 99.

OF00 31.1. 2 .1 36 arr 1..9 -1 2.31 .129 !1.2.J. gh.lj~........- 96, S.29, . - - 861

.. 10.000 99:810 3191 2299.1. -933.1.2 .1.1. 11.3.1 2 s. 90. 1 1 5.. 39. 9.1.09
S2 42.0 00 .914 34.961931. 299. .33.11 .11. 3 9 2.1: 291 1 9. 393150 .' :1": 1.110

23.000N 203.01. TIPNHLY PC /I P DLA O 9..1 233.1 .33.1 .1.2 1. 23' 019 39.9 CF .1.01 wh

i3.000 22:89C 31 23 2009 .11.99 .9 .1 29.2 91.. 1012S.9 9.89s1.4

29.00 2321 309 23.2 .9..1 3 1 .9 2. 20.2"0 .63 0.6 149 099.1 9.990l

92.000 32.1.92 I .1.02 3.1.. -92.S? '.323 1919.9 29. 3 22.9SI 19 1., . 033 9.920I
31.00 99.21. .8 1.91.9 -1.2 .31. 99.1.6 2992.8102.1 991

90.03 09.03 - "91991.i9 90. .99y 31.919. 20.1 F .02 1 .0. 93
1102000 999.391O .1140 A61.53 .98 .91.. 11.1..8 20..5 A.1.St " 1:01 0 991

9000 92900 10 P3090.0.9 901 .119? 951.0.9 9. 29.091 1.060: ;.91.2

9900 ;31.1981 1,41 901 .2 . 91.6 .1 .05. 390.8 9. 2':' 10. 99.

61.0 .01.9a .121. 99.0 2.93.3 .1.1008.16. 392 3.1 10. .
;.4.00'0 :091.:19 .1"09 999.0 .3930.93 .11 3190.8 99.0 92.21.1 1 .1.14..b 9.3
1.0.000 129.311. ý 312399 I'll 9 11 1 .1.0 99. 9.2S . 92 1.91 .9%6

3000 3141.111 . 6 . 28 113 -1.2 .. 10 9.9 981 S10 31.9. 9.903
"3.91.1. 2..1 3..9 811 .2:I 64:0 9. 1. 8 291. 1.01 2103 281 . 9. 3 399.0 .. 9 912".Do o 2 I~d. _j .6, "0:? :a I6:CI 9.I :a

0 21.59% 1.39 " 1 14 I 3940I .12 1112:2-- 69f1.
I:*0 2833 12e20. 9. .:21 :14;35 :83 V3. 22. 16"36



PRESSURE PROFILE DATA
SYSTIP LIQUID OLPROPELLA... PC 300. PS ..
COMPONENT TREF FORMULA DENSITY HEAT FORM Wt. 0/0
- - BEG K GIC ....iJ.F...WT.

128 0*F2 1.53 #3.5 P0.
298 N20HI4 1.00, - +12.05 SO.

BULK DENSITY - 1.322 GM/CC

MIXTURE RATIO - 2.333 LB OXIDIZER I LB Of FUEL

PRESSURE PkOFILE DATA

CHAMBER ENTROPY 292.20 EU/ IOO8 -S

CHAMBER THROAT

FROZEN EXPANSION

PRESSURE, PSIA 300.0 134.. 60.49 27.16 .70_ -.. 12.20 5.477 2.460 1.104 .1096 .223 .100 163.4
TEMP. DEG K 3987.9 3313.0 2742.6 2260.7 1942.3 1053.8 T150.8 1222.6 982.5 ?814.5 623.5 493.9 3465.6
ENTHALPY 1-1 -15.82 13.19 AT.25 57.13 69.96 73.1.8 86.04 97.70 106.'.S 113.47 119.05 123.49 6.61
CP .4333 .4257 .16;72 .1072 .3987 .3950 .3832 .3T01 .3588 .3500 .31,111 .31,0? 1,271
INPUL OPT 158.85 214.86 251.90 273...16,JI 8,T 9R,8. _..21. 3262.!_.$35..26.8 12,_3 3_48.12 139.89
IPPUL VAC 249.114 270.12 290.76 303.95 307.51 320.75 331.09 339.10 34S.49 350..1 354.26 247.114
EPSILON 1.021 1.392 2.179 3.192 5.597 6.089 10.4S5 17.994 31.115 53.916 93.595 1.000

SHIFTING EXPANSION -

PRESSURE, PSIA 300.0 134..? 60.49 2?7.16 Ill.70 12.20 5.1.77 2.460 1.10' .496 .223 .100 171.6
TEPP, DEG K 3907.9 3663.6 3369.2 5096.2 2894.9 281'.3 2570.2 2281.6 1979.1 1668.0 1384.. 1138.0 3TS8.0
ENTHALPY (-1 -1S.82 14;.28 1.31 65.63 02,65 07.52 107.16 124.61 139.85 152.78 163.60 112.5A 5.53
X BAR 5.000 '.809 1.?80 4.683 4.618 4.600 4.53% 4.491 4.471 #4.466 4.465 4.4165 4.923
N 5.008 4.889 4.;10O 1.683 ;.618 4.600 4.534 A.491 '.471 4.1166 4.19065 .465 l.923
CP 1.5991 1.5168 a . 001 1.2378 1.0031 a .0321 .6006 .5893 .1533 .39S1 .3707 .3553 1.5456
IPPUL OPT 161.82 222.92 266.19 292.65 299.83 327.08 349.51 367.97 382.97 395.07 1104.79 136.29
IMPUL VAC 257.50 285.38 313.28 332.1 33?7.42 357.89 V74.92 388.75 399.79 408.60 1615.64 255.65
EPSILON 1.030 1.509 2.554 3.928 4.50S 8.221 15.102 27.51.4 '.9.561 80.779 158.61'. 1.000

COMPOSITION SHIFTING tMOL11-00 GM)
18.86 F .1322 .0815 .047? .0261 .015 . .0.130 .0OSS .. 0011 .0005 .0000 .0000 .0000 .0948

-64. 50 F0H 2.4604 2.5111 2.5449 2.5664 2.5T11 2.5796 2.5871 2.5909 2.5923 2.5926 2.5926 2.5926 2.4971
-26.10 F0H*O0 .0000 .0000 .0 .00 .0000 .0000 .0000 .0000 .0000 .0000 .0000
S0.60 F.N .0 .000b .0000 .0 000 : .0000 .0000"" . .000 0000 .0000 .00V0 .0000

-15.70 FNO ,0 .0000 .0000 .0000 .0000 .0000 .,00 O0 .0000 .0000 .0000 .0000 .0000 .0000 .0000
32.40 F-O .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 F2 .0000 .0000 .0000 .0000 .0000 .0000 -. 0000 .0000 -. 000 .0000 .0000 .0000 .0000
52.10 H .2890 .2116 .150 .0899 .0562 .04175 .0189 .0045 .0005 .0000 .0000 .0000 .2339
79.20 Hoh .0002 .0001 .0000 .0000 .0000 .0001

-10.00 11000 .0030 .0023 .0017 .0012 .0009 .0008 .0005 .0003 .0001 .0000 .0000 .0000 .0025
9.33 H1o .2736 .2479 .2151 .ITS9 .1423 .1318 .085S .0-431 .01143 .0028 .0003 .0000 .2561.S6

.00 12 .11611 .1197 .0970 .0728 .OS39 .01.83 .0258 .009'. .0018 .0002 .0000 .0000 .1263
40.30 H20N .0000 .0000 .0000 .0000 .0000 . 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-57.80 H2.0 .2180 .2661 .3219 .3826 .4300 .441.1.1 .5003 .541.' .5668 ,5743 ,575? .5759 .2506
-11.04 HION .0000 .0000 .0000 .0000 .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
113.00 N .o008 .0003 .ooo.0001 .=000 .000o0 .0000 .oooo ,- .oo0 .bo.-T5."6- o .- 000.
21.65 .00 .1188 .1012 .0837 .0667 .0543 .0506 .0355 .0218 .0106 .0038 .0010 .0002 .1066
8.06 N*02 .0001 .0000 .0000 -. 0000 .0000 .0000-.0000 .0000 .0000 .0000 .0000 .0000 .0001

.00 N2 .8717 .88161 -.8933 .9021 .9085 .9103 .9181 .9251 .9307 .93342 .9356. .9360 .8813
19.50 N2.0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000•.0000 .0000 .0000 .0000
59.56 0 1.091 *2166 .1851 .1202 .0695 .0788 *Q9 .0138 .0026 .0002 .0000 .0000 .2,5:

.00 02 .1860 .2161 .241. .2708 .2896 .2951 .$$T0 .3509 .357$ .3596 .5601 .2073
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1121! !Os 11
SIYI 7363 Plus977.6 90 300 933

24Ij- U 03. .4 -tl 2,0a 28113 1 r' !$S 6 0
11-616:.0 3000 10.1 31.91 . 213.0 206F. 298.6 502.0 MAY1 I.S36

4:00.0 2 '.:'0 ._6 _1 3I.
99.12 2 0 .1 -296. 4 .391 218.3 218.2

I3.6 I.0 722. "A., 3.3 1 01 9. 11-1:1032 .17 330.9 -837.21 .36 3292.0 24.2 5.101 .3 .6 .13406

2.o 9.3S7.209 .9: 7000.61, 30.63 . 17 30.0 7. 3: .1 2 3 36. 6 spa776
1.7 96. -0. 3 .2 372. 3M )) 9. 9 7.072I 6

20.000I~ 3'1:.1111 2 * '2 .96 96. 1' '1 .9 1.. 9 3 .3079 923.7 12.6 33.73039. 032.3 7.730
27000 --mt.70 .87 M2._396 36 000 077.9 6. .

100 300l 1-!929I 1"M A fl! 1I. I 7 S.9 7606 76.71.

Do 30.23 .5 IO0.3 -1 .36. M3.8 tha 6 0.592 0

3:0 S.0 .638, 80'. 00 ,4 - . 6 .03 332.6 7.0 1 37%.219 360.6 .1601
Ill..0 at- 693. 19 .6 690.0 -7I3 .I233? 7. 7.3 9. .

73. 1o.090 .300 336. 703 9.9367 3.0
37.02 .36;0.62 .300 33.3 70. 2 0.3

231.000 7.07 is0 79.6 1 367 .39 33. .9 2372 36. 710moo.00 36.AAS "*65 P06.7 g .7 61.6 .3,Z9 336.6 91.7 22.470 .2'6.6 7.7139

3600 13.7 - 49765 300 39 33.a10.6 9 8. 51 1.6.,7.000 29.6 9? 100 -7.7. 76s §S 937.3 10.S 7 19.67.0
38.00 ,0 3 .93 .37 219, -1.0 .36 382 9. 07636. .
39.000 368.927 .621 736.7 -7750.9 .273 380 932.3 361.7 .6

62.2000 636.160 s ?77 63.3 -77.0 . 390 1 : 8 . 20 7.9106______ 90 .9
31.000 062.97 529 763.0 -377.76 .769 360. 1. 29.9 306. 7.7

6000 76629 .31 67.6 -1:.76 .36 3160.6 6.6 29.336 343.9% .7

56.0,00 7760.673 20 * 600 T T T Ti Fl 0 S! I__"_=__!___"__:
00.000 7276.330 4?62 7_ .663. -77.3 .36 367.1 0. 2 113.007 093 .

3.73 1 0.67 71.69: 7960112.7 -691.96 54 . 39 5872 08 2.9.2 2112610.6 0.: .0 .6

0 076. 6032 3/7
:"301.00 "1 1, ob A 07 738 99. 6637'67 1. .34? 353.2 03.91 021.71. 30 6 4 7 78 6 . 9 1.7061.

03.60 9 F9.7707. ?99 017 .9 "s31 300 S000 im

7.000 0 90.00113.....03 1

3S . 0 0 0 7 61 . 73 7 2 .2 29 3 0 66 -1 1 2 6 a. 3 2 7. 2o 3. 6 0 . 0 6 2 9 0 . 2 9 . 7 . 6 3 7 0 7. 7
6 0 46 0.2937 7.29? 0668 -6.9l. 9 .6 3 9.2 .77 50. 29.0 309 762

0.0 2.0 7.7 29.6 -772 .9 002 62 3.0 6..7 03 9.6 6.1 .6
6.000O 17'91.3261 :'6':..30t.Zl 3j3 2 17. 16.. ?.2 96. 369.5 1.79
7.020 6::. 6 12 A.77 s66.3 -700761 .16 920.6 32. .7 6. 0. .3

77.000 8720041 3.690 2927.3 -370.19 .693 32.6 23.,@ 2103 . 303. 0 366.%S05:a 7.736154

76.000 77.6 .0 22. 3200 .7 6. 6. 9.93 0. 7. .

7700 131 2.9 2266 . 271 .00 30. 26. 23. 9 0. 29. 3IT0 1.9031.9 41 7.S66
2886 0.93 j~~j3.a -0.239i30 300.1 2 6.0 39.Z 9 20I 104 I0.Z 3729. 73

79.00 76.30 .? ll7.6 29. 3 .9 07oi.0 1623. 39.70 306111%5613i 3.6062
20.000 IS6.1 32b 6 36. -3796 .22 708.6 1,21..2 7 31601 337. 7.60

26.003 02. 7.791 2006.9 -733.69 .693 5366.6 27.0 F7.613IS00:s 1367.6, 7.96

93.00 27837 7.07 6.7 -601 .60 06 6. 00.7 3979 0.3 r.F9T"...00 09.0 7.0 0 797. -370:.:b696 2.6oa79393 93000 30.99 .96973. 376 .6167 370.6 I0. 200730.a .3
300 20. 1 , - .;3 12,32.2 .122.%S .615 3"7. 6 l0 iTT0 ...... ....... 3.0 1.81?

36.000 ;11396.2 .6 766. -36 .9 .63 0. 2 NK F:b

90 639.117% 2.092 2793.0 -71.7 16011 . 785. 6 2%.b 71.4 379 014.6 .2
6030 6023 .6 930.7 -3639.29 .670 I 1. 78.2 27.90 396. 7.9367.000 61.0 .17717 -399 .60 37. 793262 9. 0 .3,2..00 60. 76 6130. 990 6i!o 1.E1!960 9. .0

20.000 003.13l 1.06 7:~ .21%:s: ;31.9 0 ., 19SI.6 T3.2 t 8129?S 3611866.0001 71.3* .6 7133.32 300.3 .603 330.2 72.61 313- 39. .3

26.000 2066.770 .06 37061 .307.201141 .600 967. 71. 3.1h76 39s. 3.9
27.00 26.616 .037 360N.0 -376 .39: S 8. 7733.6 3981.9,6

66. 60S8.192 1.137 1906 6 6 - " M a .....
6960 9.363 -. l 99 102 .00 399.6 1.0961

32.000 072.090 .90i 363. -329 .21! 3612.0 7.0 22.079 399. 1.909
3.928I 2063 36.696 1 6. -6.6 3.06 1 292.6 39. 0.2 7 22.62 060 2 1.6 22.7.62 1.636IS :IS1I1.:

0 6 b .2: 11:1 1: .12.1:11 "tIýOd 0.3 I R10 -4S1 45 1h1 2 11 :I60 1:2 ~ l i . 1 2
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PRESSURE PROFILE DATA

SYSTEM LICUID RIPROPELLANT PC 1000. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCALlFORM.WT.)
LOX 90.2 02 1.14 -3.08 6b.
LH2 20.4 H2 0.071 -1.867 32.

BULK DENSITY - .196 GM/CC
VIXTURE RATIO - 2.125 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 671.05 EU/bOOGMS

CHAPBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 1000 396.1 1568. 63.10 25.12 14.70 10.00 3.901 1.S8S .631 .251 .100 545.1
TEMP, DEG K 1919.3 IS65.0 1262.4 1007.3 796.3 692.1 62.1 4688.3 380.S 295.3 221.1 166.2 1679.6
ENTHALPY 1-) 36.S0 66.97 127.93 160.79 186.69 199.46 207.45 223.15 236.09 245.68 2S3.62 260.49 70.91
CP 1.4574 1.3901 1.3173 1.2S97 1.2161 1.1969 1.1666 1.1697 1.IS54 1.1427 1.1313 1.1211 1.4124
IMPUL OPT 209.5S 262.04 320.64 361.71 376.53 365.65 403.40 416.71 426.80 434.82 441.44 173.03
IMPUL VAC 312.04 343.46 310.67 391.92 401.75 407.89 420.02 429.24 436.30 441.93 446.61 306.24
EPSILON 1.053 1.586 2.726 4.922 7.024 9.102 17.075 32.352 61.577 115.926 211.473 1.000

SHIFTING EXPANSION
PRESSURE. PSIA 1000 396.1 S1.5 63.10 25.12 14.70 10.00 3.961 1.SS .631 .251 .100 S45.5
TEMP, DEG K 1919.3 IS65.5 1262.9 1007.7 796.7 692.4 623.3 466.6 380.7 29S.4 225.6 166.3 1680.4
ENTHALPY I-) 36.50 66.90 127.95 160.62 166.93 199.S1 207.S0 223.61 236.15 24S.95 253.69 260.56 70.67
X BAR 15.674 15.673 IS.673 15.873 IS.073 1S.673 15.873 15.873 15.073 15.073 15.873 IS.873 15.873
N 15.674 tS.673 15.673 15.873 11.673 S1.73 15.073 1S.873 15.873 IS.073 15.873 15.873 15.873
Cp 1.4638 1.3907 1.3174 1.2590 1.2163 1.1972 1.1865 1.1696 1.1513 1.1432 1.1310 1.1212 1.4141
IMPUL OPT 209.57 282.07 326.86 361.76 376.56 385.70 403.46 416.77 426.07 434.69 441.51 172.92
IMPUL VAC 312.08 343.51 370.92 391.96 401.81 407.95 420.08 429.30 436.37 442.00 446.68 306.27
EPSILON 1.053 1.586 2.726 4.921 7.023 9.100 17.073 32.346 61.S72 115.921 211.406 1.000

COMPOSITION SHIFTING IMOL/100 GM)
52.10 H .0015 .0001 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0003
9.33 H*O .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 H2 11.622311.6230 11.6230 11.623011.6230 11.6230 11.6230 11.6230 11.6230 11.6230 11.6230 11.623011.6229

-57.80 H2.0 4.2500 4.2500 4.2500 4.2500 4.2500 4.2500 4.2500 4.2500 4.2100 4.2500 4.2500 4.2500 4.2500
59.S6 0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-.n4-

-124



130066 LICUID 631P6SPILLA9T PC 3000.P3

COMPONENT FlIP PFtOkPLA OfEMgv MEAT P8EM6 VT. 0/6

00 A 76CC 3CAL/P166.AT.3

PROZEN EXPANSION

C 97ll ..64 .0 PTSC
EPSILON PC/P P P330 TIFF 64T3ALP7 CP CAIL, I OPT OloA:.Cl ....AC I SEA 3 47 A Al I 40 CP SEA CP VAC

060 A ACAL/LOOGN GE 060 IP 0VA1 30000 30000 LVI.

3.00 C IC T "0000"' 3933 -09.00 3.0317,N 1
3.000 3...62 9. 06 3A9. -10.9 I.9S 37. 3. .24 302. 30. 30.6 384.2 136.23 11.20,
2.000 I0029S 9330.3 -3.6 .6 0A9 A. .76,4 399.2 393.3 333.9 334.A 1.429 3.4 40
.000 29.713 03.6111 544.0 -376.33 3.2300 )1A.? 33.4 .993 370 ..7 I 379.3 6. 369.. t.9A7 3.97
3000 90.3 29 6 734 -357.49 3.233 342.9 000 3.0 3 37. 07.13. 9. 1. 6 .404

4. 000 3393 "833 '3. -39.3 3.057. 7334334. 0. 9. 9. 39 3.427
7.00 7.733 39.745 A . -39.3 1.397 374.4 23.3 373 37. 08. 39. 40. I.33 34 49
6.000 2.723 12. 6 V 37.4 -0 39 3.9 38313 23.7 3.935 384.5 431.0 40L.9 t3.41

30.000 33.24 5.7 402. -23.3 3.303 368. 230 2303. 309.9 3.977

34.00. 33. 7 6'.59 140.71 -23 .0 4 3.7 199.3 39.3 2.9612 308.4 433.7 1.693
13.000 370.903 5.1111 333.3 -237.30 1.176 3964. 36.8 3.234 309.? 4331.2 3.99

33.000 230.34, 4.74 333.7 -22.3 3. 0. :74 3703 433.31 437.6 3.730
34.000 229.03l 3.032 900.9 -222.06 1.173 901. 6 37.3 3.93 931 2.2 935.9 734
37.000 239.703 9.0 8. 233 3304333. .34329399 3735

38000 272.290 3.673j 976.4 -2172314504. 34.21 4.33 93. 20.9 Wi72

39.000 /33.729 3.32 346.63 -223s.69 3.3578 909.9 33.61 4.46293. 927 374
'0. 000 339.720 3.12'8 939.3 -224.9? 1.34 9107.31 33.3 6:94793. 42A 372

43000 334.384 2.90S 930.4 -/27.95 1.36S 405.2 13. 323 93341.3 423.3 3.732
22000 349.033 2.730 932.3 -225.93 3.9 0.2 33.13.7293. 429.2 .3
23000 33437 2.37 433.7 -223.63L 1.163 4310.3 33.3 3.731 33. 92. 1.736

d* 43.000 39.322 2.384 427.31 -30.43 3.342 933.0 33.3 3.959 333.0 923:3.70
2300 933.004 2.237 320.7 -273.33 3.L14 43W 40 .3 3.292. 372

3?3.000 437.34 3.57 34g.9 -233.331 .15 93.9 132.6 .7.2 326.79 .3

IF:3.00 6.0 37 373. -249 33 337. 32. 1.3 37.6 32.73905
33.00 73030 3:.305 399.0 -21 1 37.32 1,33.3 32.3 ?,406 I. 40. 3*74

37:.00 72. 3 .29 33.6. -235.33 3.3 3.436 3.3,3. .4
36.000 10.. .33 673 -3 .74 1.33 33. 33. 3.39 333.2 3.7

3 622.20603 1,677 1897 33.7 -23931 332 3.90 :, 33.4 9:.' 3 3333 ,
IF30.000 6 1.3 .302 A0.6 -279363:4 3 92.3 33.3. 41.923 933.6 3737

42. 0 0 33279 1172 33.4:-2 973 3.3 423.3 33. 30.4 4312.3 1.79
.3S.000 94343 3.03 390.31 _ -23.7 3.390 32. 33.3 30723.4 3.77
33.".00 996.503 3.C09 337.0 -23304 .11 9 323):1.9 33.0 30.333' 332.8 L.772

39.000 3063:.339 I'39 333. 1237 3:,.33 32241 30.6 31.44 333. 377

38.9000. 3333.833 .66 3291.3 -232.345 3.357 203. 30.4 , 3.921 933.6 1.177
39.000 9C3.313 1.836 323.9 -232.94 3.337 923.3 30.3 32:.23 330 3.7
40.000 9333.853 I.634 320.3 -232.914 1.37 923.1 3. 3 32.3 492 3.7

7:1.0024 580 449: 66l 334 l 49 . -39 .3 3.197 37 .3 23.2 30.73 30 .3 36 . 9 . 303.6 3 .93 3 09

3 .000 3.8391 343 98 3560.9 - 71 :0.67 1.143 37.9 333. .23 30 . 309. 301.3 304;.32 3. 23 3.233

3.367 I353.3622.4102.703 9032.9S907.7.3.448
39300 386. 23 1:4 -4116 1 1 . 3 1 2.99 309. 330.0 3.477

39.3 .0 2. 269 . 74 .396 3 36.2 3.2 301 118 30:.7 9346.4 . 3.0
230.3003* :. 340 20 44 3l7 0.3 3. .70 2 3 33S S.4 337.9 t .42 09I~

239.739 9,.500 39,90 -223.93 3.370 9'03. 34. '4 0 9 3638 932. 9 1. 320.0 3.736
,*10 2.72.33 3I.6 6472 375. 22.7 3.34 90.7 342 4 693.4 92009 370722

2.99.7791 1 3.5 1*06. -223.9361.34 904l W.:.0 33.52.93 3 .5 3 33.5' 423. 3L729'0
22.000~~~~~~~~~ 3992.6 31S 9.3-2.9 .4 0.2 39.61:S 3.7443 .3

39.43 230 30426. 03 _ * 90. 33. 3.2233. 9396.3

:0.000 9223 377 320 -9.9 4 .3 333. 3298.303.72 2. .3
a3.000 "973 430.59 3576.0: -233.9264 1:.3342 934.01 32.6: 7.42*9 92. 41 60.6 1 3.730

39.00 " 0.3L92, 1 . 97 6732.3 -277.0 0 3 s37.7 3112:3409 299 3.3
33.000 730.329 3.907 349.2 .237.06 '. 3 .2 323 G64007 4320. 3.6640

3t.00 0.7 1.199 33. -235.63 1" 3.3 .12 939.5 3.7 9.99,: 43. ,.74
IS.00 90 " 5333 3.3 4 .09. -2392 3.331 900 34 3911.1 933. 3L703
I 0.0 567.939 3.33 3304: -239.44 3.333 920.0 33.4 9.9020 433.6374
13.00 9G0o 3 33 34. -2 :.0 33 4201.6 33.3 30.9357 902.3 41747

4200 93.3 3072 393. 2043 .3 2. 323.3 1932.4 374

90.000 2723079 3.033 3740. -290'.77 3I.330 32.4 3.3 0704'. 932.:43141 4 3477
49000 9 :,1677 3:00 337.4 -79.2 3.39 92. 33.0 30.9 93I

43.00 30329 .14933.4 -293.9 1 32. 3:0.9 33423 233.3 3.772
39.000 3053.377 2.939 303.7 -293.79 1.399 42052. 38.8 3.272 933.9 3.7732
97.000 3098.355 .330* 035.9 -292.33 :,3. 922.1 30.71 31..,. 433.0 42. 3.779S"5.800 33.99 I . 663 32 4.2 -220 _ .9 I92 1411 141S3.3 30.9 3:2494:33. 3?77

49. 000 3393.999 .53632.5 -292.73 3.307 929.4 30. 32.233 4394.3 3.77
30.00 39.030 2.39 32. -29.02 3 1703.9 38..9 32.3 939. 43.774
7...003 4504 .9429 -239.33 3.597 374.1 233.2 6.731 30. 36.236. 903.5 3.0 384

3 0 ?:-i"-m o 7.9 ,4 48 .S 1. E.'43 11.4 101 41.1 1. .0 56 47 S,:
(L0.. ,;,1 :1. 2464 . 2.



PRESSURE PROFILE DATA
SYSTIM LICUIU BIPROPELLANT PC 1000. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC lKCAL/FORM.WT.I
LOX 90.2 02 1.14 -3.08 73.
LH2 20.4 H2 0.071 -1.887 27.

BULK DENSITY ..225 GM/CC

PIXTURE RATIO • 2.704 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 609.47 EU/lOOGMS

CHAMBER THROAT

FROZEN EXPANSION
PkESSURE, PSIA lOCO 398.1 1M8.$ 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 549.8
TEMP, DEG K 2304.5 1906.7 1563.0 1269.2 1018.9 892.4 810.0 638.9 501.3 391.8 30S.3 234.5 2039.S
ENTHALPY I-1 32.30 53.82 126.27 160.92 188.90 202.52 211.24 228.94 242.86 253.75 262.25 269.13 66.87
CP 1.3213 1.2665 1.2178 1.1440 1.0914 1.0657 1.0503 1.0203 1.0022 .9881 .9767 .9671 1.2870
IMPUL OPT 211.72 28S.93 334.52 369.10 384.62 394.S6 413.61 427.99 438.93 447.27 453.92 173.42
IMPUL VAC 316.05 349.29 378.47 401.08 411.69 418.34 431.50 441.56 449.27 455.18 459.90 309.66
EPSILON 1.058 1.613 2.811 5.137 7.377 9.S97 18.139 34.54S 66.134 127.013 241.480 1.000

SHIFTING EXPANSION
PRESJREjPSIA - 1000 398.1 156.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 551.2
TEMP, DEG K 2304.5 1911.6 1568.8 1273.6 1022.7 895.9 813.2 641.6 S03.4 393.5 306.7 235.7 2044.7
ENTHALPY (-1 32.30 83.89 126.44 161.19 189.25 202.91 211.66 229.43 243.40 254.33 262.87 269.77 66.75
X BAR 13.4C0 13.394 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.395
N .. 13.4C0 13.394 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.395
CP 1.3629 1.2748 1.2095 1.1449 1.0920 1.0664 1.0506 1.0203 1.0022 .9676 .9759 .9673 1.3027
IMPUL ?PT 211.85 286.18 334.86 369.51 38S.27 395.02 414.12 428.54 439.51 447.87 454.52 173.13
IMPUL VAC 316.33 349.65 378.90 401.56 412.19 418.86 432.06 442.15 449.87 455.80 460.53 309.90
EPSILON 1.058 1.614 2.813 S.142 7.385 9.605 18.161 34.592 66.229 127.219 241.984 1.000

COPPOSITION SHIFTING INOL/lO0 GM)
52.10 H .0130 .0018 .OCOl .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0039
9.33 H*O .0011 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002

.00 H2 8.8244 5.829S 8.5303 8.8304 8.8304 8.5304 8.8304 8.8304 8.8304 5.8304 8.8304 8.8304 8.828S
-57.80 H2*O 4.5614 4.5624 4.S625 4.S625 4.S625 4.5625 4.5625 4.5625 4.5625 4.5625 4.5625 4.562S 4.5623
59.S6 0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 02 .0000 .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
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S70T1M LIQUID 0368P600047~l PC 3000. P230
COMPONENT 7882XOAUL P88800*y 0137 8887 P88 8. /00

089 0.2 2 1.4 -. 06 73.

EPSILON ~ ~ ~ ~ ~ FRXI EXPANSION7 3.87140016 P 8

1*39.1 -344.3 421.3 74 370.1C

4.000DI 503* X9.18 982.8 * "349 3. 1 L 1000 37.'90 342 139 3 0. 902. 0 9. 3.49 3.3
7.000 130 $ 19 59.87? 909.1 20.1309 38. 27. .7 0 3 W.1 392.9 0.3 430.3 .9 .

8000 7.4.73 1 3 .0232 164.2' -205.31 '1.11 3660'44 0 5. 3 2 * 985 6: 3934.4 4 41 3. 1.110?
.000 053.4 5 63.949 8239.4 -209.2036 05 :"a ." * 24. 2.23 03 3.2.9 43.0 430. 0 3.4

10.000 a0.1 S.604 797S.8 -232.52 306 1 94. 0 2332IS45. 3. .1

"1.2 I3555 .81 754 -275 3.038 403.9 23.5 4 1.998 10 .11438.3 02.9 .4 6 3.708
34.000 634.558 5.3 04 0.0 -23.2 3.033, 42. 20.3 3.509 ; 4204 40. 372

1703 23.0 34 85. 2 273 1.2 433.9 38.4 I 4.234 4213.3 430.3 3.730

39. 000 IC49.4LS93.4033 427.9 1 -270 04 3.03 434.8 37.54.72 424.3 432.3 1.745
/1.03 33.34 .39 44. -3242 3*.03 43739 3. 8 1 .242.3 434 . 0. 17522.000 3.4 I.7 59. -349 301 4 43.4 3.5 .2 42.14. 400.0 3.755

23.00 39.03 1/78 584.4 -239.49 3.3 3. 43 374 425.7 433.5 .3

"/.00 40.0IS 2 .44:'1ý *.644.3 23'4.33 3.00" 42. 3 35.4" IN .3315 420. 43. 3.78
/6.000 4291.4638 2.328 550.0 -2771.3 So 3.009 4/2.2 35.3 4.075 429.3 437.5 3.745
27.000 553.22 42.2046 550.3 -237.95 1.00 423.01 35. 4:.82244 436 3. 74

2800 47.0 .04 527 287 307 43. 1487.0745 242.3 438.4 3.770
29.0o0 20.8 1 .9 3. - 23.4 3.I' ý0041 424.2$ 44 73744. 3. .7
20.000 291.5071 397 58.1703 3 3.00 423.2 3. 4 1 .45 11424. 439.: 377

32.00 533.'4R 749" 33. 1-4.33.00 82.53.08.03 4241.8 440.51 377
23.000 3195.075 3.480 530.0 -283.98 3.1403 427.3 33.8 0.233 44. 1.7
a4.00 43.3 3.03 304.3 -225 .003 427..7 33.7 8.0117 4436.3 1.780
35000 4 '.45 3.5 9. 8 -66 0433 316I ý.002 42.2 3 . 8.48 4436. 7 3.782

d4.000 87.325.1 3.9" 4. 3 -234 3.0 428.8 33. 84 442.3 3.74
37.000 459.224 3.430 8880.4 -2344.3 3.300 42. 33. 9.23 4 2. 3.43800 2.74 337 28.5 -248.43 1.000 4294.8 33 .0 4 9.482 4342.8 3 *78
'a9. :00U0, 7345 332, 578.8 -295.33 1.409 830.3 32.4 9 W.72. 8839.2 3.788
40.000 78.5S 32327. 25.04149 83. 32. 3010:7 993.5:6 7

:4.3. 534.834 3.0709 853.100 .5 -2741.9 3 .0 32.3 11 .2.34 44.0 1.793
88.000 95.2*7 3.604 594.7 -248.903 1.04 43327 3. 0 33.4 021 9450.2 1.77

J8.000 3024.332 1.974 54.5 -248.72 1.91 433.9 33.8 32.324 845.: 374
09.000 3607.Z26 .948 439.3 -249.07. 9913. 3 33.70 323- 448.0 180

30.:0 30 627 .3 * 835.7 -294.406 ..9 3. 4 33.0 32 7440. 3.803l
7.37 9. 24 34.9 49.4a -202.52 3 .0836.8 128. .2 8..9 90408.4 43.7 3 .53 384

3.00 00 .1'3.383l4 a 26102ý41. .9

-30 C.3 .0 .% 7 . 32. 3594. 3 4. 3 L211.034 37. 328 9 .3 39. 3 .729!58
0 j.I . .3S -. . 03.96 34.2. 32.8 3.243 824S 379 385 40. .4 .3

3.8 374. 29.7 3.494 384.4 39.10.8 443364 3

30 6 46111 2: . 04 39.1 4 2211 . 9 2* 837.31 1422.0 3..0o
so3. " 0 89'4 40. 23.5 ,.0 43. 42. 3.709

13 .05 a .40. 26.01.83289 86.6 3 2. .0.0 4250 .4 S 3.731

3.030 407.4: -6 1 : 01 ll , 120.3 :14 3 .5:33 423. 42 1:722
.028I: 40. 0 39. 30 422. 1 3 428. 3.727 '
3.000 43. 39. 4.0 42Z 429.7 3.732

LY61 5.a 259 -6.S .02 09 .43 2.4 3 .8 6 8.243 I 4 2. 4 4 30.9.Sl 3.737 .
3 0 79b 1.7912. I . 02311i 433.9 98.0 8.801 42416 39.3 433.9 1. 74

3. 438 260011:1 -1:" 103943. 37. 8.1 424.811 1 :1 39 432.9 3.74 3 :'
938.8 -237 3209 43. 32 4 499 424.0 433.8 1.74.
397.0 273.99 3.034 4383.9 34.5 1.503A4 . 29 40.9 2.,.3

/4.000 5661 k.~ 77.8 -235.93 3.033 .4 20. S3.9 4.0847 9. 424.4 434.8 3.4
40 . 3 58 .1246 .0s0 3423.8 346 .4 1 8..25 428.4 437.3 3.703

.0 19 20 ?.Il 440.7 -277.84 309 427 3.).8 4248 83. 31785
2.20 61% 633 4521.8 -7. 4 3.0 423.: 015 , 38.3 8*83 424:.9 43.4 370

345. . ' I . 2 -2 9. 0 )300 424.3 34.9 7. 8 427.3 439.3 3.702

33.3 -239.92 3.004 425.0 1 .34 .7 6732 427.2 439. 1.7272
33. 29.8 3.00 42 5 34.4 7.3:0 4:00 4227.3 44. 1:771

32 7. 72 533.5 -283.89 3.00 *27. 43 .2 427 44.3 9 .7
3300 532.54 3224 3.01 ý11 1 031 427.8 13.96 .4 4. .7

c500 82.3 32 57 30. -234 300 426.8 33.5 4.9 4 92:1 .3 3.7834

27.000 42.7.1 3.3S9. 248 .0 429.8 33.2 9.22 443.0 1078
88.000 720.3490 3.872 984.9 -245.36 3.000 430.3 33.3 9.4926 4 834 3.8
4800 73. 933:: . . 27 470I.5 .244.09 J.99 43. 3 2. 30.02 444.1 3.7906

42.0 842.3 3.3 44. -244.9 . 99 432.2 32. 3042 426 49.7 N9
4300 82. 473 1 .36', 446 4:9308 -247::.38 :'000 .997 432.4 32 .1 .4: 30.2644.0 3.793

4.000 . 942.743. 30821 459.4 _247.7 94 433.011: 32.3: 33.03S R. 445.3 1.799
24.000 932.933 2.107 S459.7 -248.37 . .99 43.9 3 2. 1 3.337 42 1 45.5 3.7?1:

44.000 94.2 3.3 89. -285 995 433. 3233.3 443.8 1.797
41.000 943.85 3 .00s 544.3 -248.93 1.009 438. 342. 7019 33.680 444. 3.794800 10428 .47 448. 24.4 9 4 40. 33. 324 4480 379

49.8000 10357 94 8 44. 24.8 .99 4398 17 2.9 448.8 1.800
38.000 3000.339 .923 437.9 -249.94 S.994 43.3 33. 324240I0

75.000 08;.054 19.49 695.9 -20-2.9 13.00244 1 38 .3 2 -4. 3.0 38. 9. :0 32. 3.5 1.0
S; 1: :14:.11 1:*.* -1 :4

I 13 134697:
I1" :3 ;4

is. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -0. 7?.6 .1-59_4.61004 01 S' :4144. .$



PRESSURE PROFILE DATA
SYSTEM LIGUID BIPROPELLANT PC 1000. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCAL/FORM.WT.I
LOX 90.2 02 1.14 -3.08 BO.
LH2 20.' H2 0.071 -1.887 20.

HULK CENSITY - .204.,GM/CC -7

MIXTURE RATIO * 4.000 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

ClAMBER ENTROPY 513.80 EUIIOOGMS

CHAMBER THROAT

FROZEN EXPANSION

PRESSURE. PSIA LOCO 398.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 557.3
TEMP. DEG K 2976.0 2513.5 2110.S 1759.2 1453.5 1294.S 1188.4 961.3 769.9 611.4 462.5 379.2 2675.0
E.dT#4ALPY 1-) 26.42 76.58 118.83 154.19 183.54 198.17 207.67 227.30 243.10 2S5.69 265.68 273.51 59.24.
CP 1.1002 1.0671 1.0282 .9834 .9347 .9053 .88653 .8420 .8082 .7828 .76S4 .7527 1.0798
IMPUL OPT 208.89 283.55 333.40 369.72 386.SS 397.09 418.04 434.17 446.61 4S6.23 463.64 168.98
IMPUL VAC 312.96 347.92 379.04 403.72 41S.S. 422.98 437.93 449.51 458.45 465.38 470.72 305.90
EPSILON 1.064 1.653 2.944 5.10 8.022 10.536 20.333 39.38' 76.382 148.208 287.922 1.000

SHIFTING EXPANSION
PRESSURE. PSIA 10CO 398.1 158.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 561.8
TEMP. DEG K 29?6.0 2570.7 2184.8 1831.9 1519.5 1356.4 1247.2 1012.7 813.9 648.4 513.0 403.9 2720.7
E4THALPY I-I 26.42 77.03 120.23 156.65 187.02 202.20 212.08 232.54 249.07 262.30 272.80 281.09 S9.00
X BAR 10.OCs 9.949 9.927 9.921 9.921 9.921 9.921 9.921 9.921 9.921 9.921 9.921 9.96S
N 10.005 9.949 9.927 9.921 9.921 9.921 9.921 9.921 9.921 9.921 9.921 9.921 9.965
CP 1.4346 1.2144 1.0174 .9998 .94$8 .9135 .8947 .8506 .8139 .7855 .7667 .7527 1.2878
IMPUL OPT 209.82 265.67 336.59 373.78 391.05 401.89 423.46 440.11 453.00 462.97 470.70 '168.35
IMPUL VAC 315.20 351.31 383.27 408.65 420.80 428.51 443.97 4S5.97 465.27 472.48 478.06 307.57
EPSILON 1.068 1.671 2.985 5.601 8.168 10.740 20.789 40.3u2 78.507 152.679 296.996 1.000

COMPOSITION SHIFTING IMOLI00 GM)I
52.10 H .1236 .04SS .0109 .0016 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0691
9.33 H*0 .0426 .0108 .0C16 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0191

.00 H2 4.8813 4.9034 4.9160 4.9199 4.9206 4.9206 4.9206 4.9206 4.9206 4.9206 4.9206 4.9206 4.8959
-57.80 H2*0 4.9562 4.9891 4.9984 4.9999 S.0000 5.0000 5.0000 S.0000 S.0000 S.0000 S.0000 S.0000 4.9806
59.56 0 .0006 .0001 .0G00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002

.00 02 .OOCJ .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

I



MIEN8 (31030 83883P8LL897 PC 00.83
£3CO 87 788PONENTA 773734377 4307 PENN w7. Ole

00 GECC II4/?8.8.

LOX 90.2 02134 -. 0t0

C SAN100011

3401.8 .94 390.9 392 1.0.333 8.
3437* ,' . 06 .93 34. 304 124 331 374 33. 0. .9 .
3 0 934.0 372.09 1.928 37.8 32. I 478 384. 9 39. *0. .44 3.93350.6.4 4.s:1 49 .3.0 - 5s 9 .9233438.8 30.7 3.753 84 6.3a 393.04083 4331.9 3.37213.547
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PRESSURE PROFILE DATA
SYSTEM LICUIC BIPROPELLANT PC 1000. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DIG K GM/CC IKCAL/FORM.WT.)
LOX 90.2 02 1.4 -3.08 85.
LH2 20.4 HZ 0.071 -1.807 15.

BULK DENSITY * .350 GM/CC
PIXTURE RATIO * 5.667 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 438.04 EU/IOOGMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 1000 398.1 IS.S 63.10 2S.12 14.70 10.00 3.981 1.565 .631 .251 .100 561.4
TEMP, DEG K 3452.1 2951.5 2513.1 2128.4 1?90.9 1613.6 1494.7 1235.4 1010.2 817.3 654.9 520.7 3130.6
ENTHALPY I-) 22.22 67.57 106.25 139.11 166.84 160.89 190.10 209.42 225.31 238.23 248.64 256.95 51.47
CP .9165 .8941 .8689 .8380 .6037 .7817 .7651 .7241 .6866 .6542 .6282 .6102 .9030
IMPUL OPT 198.62 270.37 318.86 354.71 371.53 382.17 403.56 420.34 433.50 443.82 451.89 IS9.52
IMPUL vAC 298.17 332.64 363.60 388.53 400.63 408.37 424.01 436.44 446.13 453.71 459.61 290.99
EPSILON 1.068 1.678 3.026 S.750 8.4S5 11.188 21.996 43.378 85.460 168.050 329.634 1.000

SHIFTING EXPANSION
PRESSURE, PSIA IOGO 398.1 156.5 63.10 25.12 14.?O 10.00 3.981 1.565 .631 .251 .100 572.6
TEMP, DEG K 3452.1 3120.1 2792.5 2458.9 2124.0 1935.9 1806.4 1519.2 1265.0 1042.3 849.7 686.0 3249.7
ENTHALPY I-I 22.22 68.43 109.40 145.44 176.71 192.81 203.45 226.07 244.99 260.67 273.51 283.94 50.85
X BAR 7.749 1.621 7.527 7.471 7.448 7.443 7.442 7.441 7.440 7.440 7.440 7.440 7.668
N 7.749 7.621 7.527 7.471 7.448 7.443 7.442 7.441 7.440 7.440 7.440 7.440 7.668
CP 2.0055 1.6647 1.3203 1.0496 .8909 .8388 .8124 .7654 .7229 .6848 .6509 .6228 1.8035
1MPUL OPT 200.50 275.40 327.41 366.61 385.23 397.07 421.12 440.23 455.46 467.5? 477.17 157.80
IMPUL VAC 303.03 341.38 375.92 403.91 417.57 426.34 444.32 458.71 470.18 479.26 466.41 294.32
EPSILON 1.080 1.746 3.225 6.229 9.229 12.276 24.450 48.916 97.860 195.216 387.902 1.000

COMPOSITION SHIFTING IMOLIOO GM)
212.10 H .2630 .1740 .096S .0400 .0109 .0041 .0018 .0002 .0000 .0000 .0000 .0000 .2081
9.33 HOO .28@7 .IS60 .0693 .0205 .0035 .0009 .0003 .0000 .0000 .0000 .0000 .0000 .2029

.00 H2 2.1908 2.1421 2.1202 2.1190 2.1243 2.1264 2.1272 2.1279 2.1260 2.1280 2.1260 2.1280 2.1816
-57.80 HZO 4.9778 5.1324 5.2374 5.2913 5.3090 5.3116 5.3122 5.3125 5.3125 5.3125 5.3125 5.3125 5.0769

59.56 0 .0193 .0076 .0019 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0114
.00 02 .01?4 .0073 ,0C19 .0003 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0107
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PRESSURE PROFILE DATA
SYTMLQUID BIPROPELLANT PC00.PA

COMPONENT TREF FORMULA DENSITY HEAl FORM WT. 0v0
DEG-K . GM/CC IKCALIFGRM.WT.)

LOX 90.2 02 1.1' -3.De 90.
LH2 20.4 H2 Al.7 -1.a8s 10.-

BULK DENSITY = .455 GM/CC

MIXTURE RATIO - 9.000 Lb OXIDIZER / LO OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 35'.89 EU/IOOGmS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 1000 39b.1 IS8.5 63.10 25.V2 14.70 10.00 3.981 1.S8 .631 .231 .100 562.'TEMP. bEG K 5578.7 3074.3 2631.3 2242.1 1899.'. 1719.2 1597.9 1332.T 1100.6 899.2 T27.1 582.6 3255.9-E1HALPY I-) 1B.02 •5 . 3.5 3 av5 1 sViV 151.y 1.35V. 150.e63 166.oZ6 ITV.2S uv.am If°. it W 11V.2---CP .?OS .6954 .6rT7' .6562 .631T .61S8 .6059 .S737 .S43% .5151 .16918 .4737 .0013IMPUL OPT 17S.68 239.15 282.77 3114.8 330.0S 3n.66 359.11 374.49 386.6T 396.30 403.1 140.82IMPUL VAC 263.98 294.89 322.4'. 345.32 356.33 363.140 377.81. 389.32 398.40 405.56 411.16 257.-8BEPSILON 1.069 1".68T OST 5-.814F- -W.677 -T1.fs43 22.67S 4'5.103 89.655 iTT.67Ir3-sso;B31---1j.0o

SNIFTING EXPANSIONPPESSURE, PSIA 1000 398.1 ISN.5 63.10 25.12 144.0 10.00 3.981 1.585 .631 .251 .100 576b.TEMP, DEG K 357.7 3292.' 3031.6 2787.6 2551.? 2k14.0 2313.5 2063.8 1803.0 IS46.5 T309k TO916-0,03.qENTH4ALPY I-I 18.02 54.30 8T.01 116.5 1143.21 IST.-11 16T.19 188.S7 201.34 223.57 237.38 2-19.02 40.17X BAR 53.7 S..0 I S-591 5.98 5.0S0 3.T V--.3TB S.;SS 5.316 5.298 5.294 5"29-•S.2V-3-S.760--
N S.836 5.711 5.S98 S.500 SN.lT 5.378 S.355 5.316 5.298 5.29' 5.293 5.293 5.760CP Z.I551 2.031% 1. 5srz 1.611r 1.3311 1.1rZ6 1.00rY .022 oz 5TO .-00Y .•55O .5.316 Z.O2flIMPUL OPT 177.6'. 244.99 292.76 330.02 348.32 360.2' 585.19 40S.84 422.17 436.aS 448.29 138.82IMPUL VAC 269.16 30ib.88 338.0H 366.22 380.Sk 389.9? 409.81 .26.19 '.39.61 14 o.5-?•4so. Is-60.93EPSILON 1.085 1.784 _3.38? 6.80'.10.349 I4.032 29.193 60.607 12S.202 257.710 528.421 1.000

COMPOSITION SHIFTING I(MLIlOO GM)"W. .U H .I5O 3W Y5 • U*400 .US U .015 .0100 .UU0 .UU10 .00U| .UuuU .uuuU 0Uuuu .113 -9.33 Hmo .6629 .4991 .3802 .2?39 .1809 .1339 .10:9 .0142 .0152 .0032 .0004 .0000 .5501.00 m2 .--- 72--3616-- 7-70.. -1 .UUTO "-0332-- -011'5 - .0033O - '.0u0 .0O00 .O01r3996"-S7.80 H290 4.1192 14.3000 '..67? 4.6190 1.79' 14.8130 4.8519 4.9165 14.9493 '.9gSO4 1.9601 4.9603 4.220859.56 0 . 1080 0?U7'OT-- -OS42- ;0 "'-T l0T---0 -- W- ' 0-- -- 00- -0-0 .. 0-0 -m 099- ....00 02 .3843 .3736 .3614 .3149 .3378 .3329 .3303 .3283 .3300 .3317 .3322 .3323 .3781

2. .. .. . . .. .
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45.000 S74:633 10.92 11235.1 -O 1.77 1&9. 301.5 38?.) 0.S30
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09.000 197.41ss3 I- b 1.760 3 1, -(ILU9119.6 ms 3t--7.* I. 3 -- 19. 3906 -:15

29.000 100.96 1. 3 01 1. SM,0 5 9 07 . 19 11 9 . 0 . 1.441
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11100 0.1147 WAlS 2291.6 -sF.o2s 1.011 56S.1 . 3 =031.0 3413 95 1 *.4 - .0590
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PRESSURE PROFILE DATA
SYSTEM LICUID BIPROPELLANT PC 300. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM wt. 0/0

DEG K GM/CC IKCAL/FORM.WT.)
LOX 90.2 02 1.14 -3.08 68.
LH2 20.4 H2 0.071 -1.887 32.

eULK DENSITY * .196 GM/CC
MIXTURE RATIO * 2.125 L8 OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CMAM8ER ENTROPY 709.03 EU/100GMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 164.3
TEMPP DEG K 1918.8 1607.8 1336.5 1101.5 944.7 901.0 732.5 S92.7 477.9 384.7 308.9 245.5 1680.9
ENTHALPY I-) . 36.50 80.93 118.04 148.75 166.55 173.98 194.55 211.22 224.70 235.54 244.26 251.48 70.65
CP 1.4574 1.3981 1.3347 1.2803 1.2451 1.2366 1.2041 1.1825 1.1685 1.1560 1.1448 1.1347 1.4127
IMPUL OPT 196.61 266.35 312.51 338.95 345.84 370.81 389.87 404.64 416.12 425.14 432.47 172.38
IMPUL VAC 308.84 335.21 160.88 3?7.20 381.59 397.92 410.74 420.85 428.81 435.11 440.26 306.20
EPSILON 1.023 1.398 2.186 3.196 3.599 6.076 10.414 18.018 31.411 54.97? 95.654 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 164.5
TEMP. DEG K 1918.8 1608.7 1337.3 1102.3 945.4 901.7 733.0 S93.2 478.§ 385.0 309.2 245.8 1682.3
ENTHALPY 1-) 36.50 80.94 118.07 148.81 168.62 114.04 194.63 211.31 224.81 235.65 244.37 251.61 70.59
X BAR 15.874 15.873 15.873 15.873 15.873 15.873 15.873 15.873 15.873 15.873 15.873 15.873 15.873
N 15.874 15.873 15.873 15.873 15.873 15.873 15.873 15.873 15.873 15.873 15.873 15.873 15.873
CP 1.4691 1.3997 1.3349 1.2805 1.2451 1.2368 1.2044 1.1825 1.1683 1.1563 1.1445 1.1349 1.4157
IMPUL OPT 196.64 266.40 312.58 339.03 34q.92 370.90 389.98 404.75 416.24 425.26 432.60 172.21
IMPUL VAC 308.90 335.29 360.97 377.30 381.69 398.02 410.85 420.97 428.93 435.24 440.39 306.27
EPSILON 1.023 1.398 2.186 3.196 1.599 6.077 10.415 18.020 31.414 54.985 95.674 1.000

COMPOSITION SHIFTING IMOL/100 GM)
52.10 H C027 .0003 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .000 .0005
9.33 H*O .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 H2 11.621711.6229 11.6230 11.623011.6230 11.6230 11.6230 11.6230 11.6230 11.6230 11.6230 11.623011.6228
-57.80 H2.0 4.2499 4.2500 4.2500 4.2500 4.2500 4.2500 4.2500 4.2SOO 4.2500 4.2500 4.2500 4.2500 4.2500

59.56 0 .00co .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.00 02 .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .O000 .0000
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273I1( (24020 61P5XP10L403 PC 3006,1
C OMPOOXO? TEFGRIP L P A67( OT .. EAT P wIt4. W/G

0( 1 Ge/CC 2O4IPWXW.

Lox 90.2 92 1.* 0.0
LAO 20.4 02 0.210, -200 2.

FROZEN IXPANSION
STAR *742.2 P7/SIC

EPSILON PU ot WE 97.07 ( / I67OLovAC OPOWOC I %9* A I AT I 47 2 AG CF 300 CF VAC
DIP £ CL2006 6 pI i L V !00000 C000 L1

2.000 300.000 1911.1 s -3.1 .4s

1.000 1.42* 164.294 60. -10.41 2.423 272.4 233. .629 29. 9.10. 0. .00 .3
3.00C 12,0.2 T4.9 .94.0 2 1.192:.,013 : 3.21 39.7 2.1449; 30.14. 1. 7.7 , 1.30 .1
0.000 29.09 00. 36040- 89 .2 1.322.4.4 312.29.67 216.3 2.37
3.000 9.43 .0 909-8.47 1:.22 30. 2 .9.9 302.4 3902.4 2.404

4.00 5.77 .XX73. -9 .12.03S 270.3 27.3 4.090 389.0 291.4 2.42?
7.0 620 .4 92.7 -291.32 2.297 374.4 22.2 S.74? 392.6 002.0 1.444

2020 121.4(9 02.10 40. 220.0 2.264 3436. 20.3 6.079 394.9 43. I.477
12.10 22.40 2.2421 Z1610I.0 -2212.71! 2.20 9090030. 394.1 422. 46

22000 010.230 0.962 140.1 -221.0 .17:5; 39. =9190439.62. .9
23.00 27.4 .1022?-2736.7 394.3 15.6 2o09.4 294.9 422.2 2.099

2100 20.23 2.021 323.1 -220.20 2.273 403.2 07.0 22.214 027.6 2.720,4
00.00 230.724 2.300 300.7 -222.04 2.272 002.0 2712 23.090 426.9 2.724

27.002 220. 2.9 401 -22.42.20 403 24. 2390 429. 0.7261
2000 27022 2.3 7.0-2.4 .0 404.46 20.2 24.44 40. 072

19.000 294.033 0.020 446.0 -209.02 2.247 401. 0. 21.9 42.7 0.12420.00 327.46 .94 416. -004.9 2.044 40.002110.76422

22.300. 30. 003 .2 442.0 -220.59 0..24 t009.2 04.6 20.0 423.9 2.735
23.300 34O0.14 .14V 343.4 -279.71 2.243 400.2 041 20I.93 42.4 2.3
24.000 42.1.91 .722 427.2 -230.40 2.242 400.9 04.3 0.77 422.2 24.74

-, 21000 440.921 .480 420.1 -102I. 39 0.241 0. 402.9 42S.0 2.742

29000 44301 .1 349 -234.2 ..01 404.7 1:12.0 00.77 427.5 0.710
30001071 .2 4. -1.20074320. 2493 42.0 0.79

22000 4.20 .20 36. -2313 .2 4 1. 027.0 29.0 428.4 0.714

:02.300 420.877 .402 020 : 210 .194410.6406 
0. .1

g3o000 410.91. .440 37. -3.38 0.1 0.0 02.4 244 49.4 0.7%7
24.000 S4 .10.3 O% . 442 27 .0 - 7234.69 0.0146 4071S 0.9 27 . .0 42a 0 1
4.040 760.2:3 .0 34.6 -27.03 0 -1341..% 22.0 79.100 4201 S274
37.000 67.1 .79300-3.0203490 00 .90.27 430.6 2.743

26.000 I'012 S34372 267 .0 909. 00. 3.22 243.0 .759

40.000 42.7143 .3. 30.0 1: -27.3 0.2: 0 42. 20.4: 329001 3.7 0.74

2.:000 32.72 .02 33. -24.29 2.11? 19-0 00.2 24.189 430.3 0.749

4.0022.52 .1 93 334. -242.24 0.S24 -42. 20.9 37.01143.6277

470026.2 24367-3.9226420 00. 0046 423.0 2.774

10000 S2h.477 .012 220.6 -242.900.24? .502300. 42.4I.02 4340 0.7

3377725.8 11.09129

.6:0' I KC*L/OO.2P 05 DIG - F 4N.) 230 40003
21 . 0 (0 300?.000 0926.0 -341.30 1.4 2.0.449.6 42000 2.603 044124 2462. -73.3 2.42 17,11 2 : 004.0 .61124327910. 0. 1.21 7224

2.0,000 9i.997 2.32s 2240.4-431 0.209304. 10.4 10.4732.293 430234.79 2.22 ?049

4.00 2.02 20..32 64. -270.00 2.0263003. 3.244 392.6 379.6 361. 1.4? 2.174

5.200 ~ DI CA40 3.011. 0024 0.9262 23.7 4.400 293.7 3. .3

0.000 202.3401 2.60 4027 -2.6.64607 0.39.52 29*19: 14.0 4200 2. :47?
22.000 07.1m I.6 2.24060.1 -222.60 2.02 392. 20.2 6.6 39. 420. I.:1
22.003 212.32 2.196214.-210 2.27 394.2 109.72.0 9.649 094.9 422.7 2? .346 .192

23000 70.4 0 2.S .71 6 .14 . -227.019 0.214 394.4 20.9 10.70 28 . 97.0 2 . 1..29

24.00 29044 2.173, 12.0 : 11Z9 2 N27 39.,1). 26.262.02,: 42.4 .0
23000 220.492 24 1 33.01S : ,: -020.4 2. 27 40 . 27.4: 12.40"19 427. 0.709
24.000 200.430 2.30 2.2-020 2 .27 ?0. 27.2 13.22 42. 2.7241N'
it7.000 I3.1 0.9 369.9 -222.32 2.270 4034 0.6 1 23 .924 42. 0.72
26.: 00002220 2.:31 :'20 4761.2 -224S.70 2.20W 494.7 24.2 24.4466 422.0 0.720

29.*000 2440::. 20 4001:, -231 2:.247 40. 23. 2232 422..:0 2.704

22.300 30 21.306 .07S 410. -721.03 2.01F .006.2 322.4 2. .3
22.000 3230.912 .620 440.4 -276.93 2.24 40.0 2.X 6.9 420 0.32370 3320.49soU1 .74 424. -29I6.24 .2.2 20.1 a 20.94 42. 1.73
24.0000 4211.463 1702 427.7 -3.26 2.4204220 04.2 29.766 4421.3 .12.740
23.3000 440.93 .460a 400.9 -232.49% 2.242 422.9 24.3 20.540 40.9 0.4
2.00 30.254 .243 4254.2 -232.24 2.24t 2. 262.2 2. .4

:1000 IS.0 00001-3.4229 2. 342.2 2. .4
05.00 22723 .100 432.7 -2326.40S 1.214 4049.2233302470 279
iO30 1.N 406.42 .220 390.0 -234.04 2.2 7 41 .4 2.645 1 2. .3
32.000 34.2:67 1301 3271.0 -290 2.23 324. 02.6: 2.2904 420. 2.1744

a4.000 500 29 .4401 073.41 -237.00 2.233 4127.4 00.3 7.2 409.9 2.7?19
3100 70.0 93 4. 23.1223 2. 22.228. 42.0. 2.40

3400 74.2 390134.2 -237.94 2.233 .42.4 22.0 29.326 42094 .740
"37000 77.420 .30 9 34.3 -235.394 2.3 6922.01 30. 36 430 2.74230 .000 601213X .37 217.* :1 -206 2212 429.9 22:7 3.23: 433. 1.744

39000 632.35471342 33. -2924 2.2S 42 22.4 37.00 4302 2*74
40.000 60.6S.4 .3461I7 310.1 -23.4 2.23 423.4 00. 32: 90 43.0 0.4

92.000 92473 .22 24 .6 -240.92 2.230 4 22..2 20.12 2400 422.4 2.749

4.00 9024 130 337.0 4 -292.0 0.1492.92. 30.222 4,32.9 2.772

$63.000 2402 .434 .290 334. 4.2 4 2.249 4 02.3 00 2.923.04 4 33. :.1 2

47.000 06.3 .07 3019. -242.20 2.245 42. 0.7347434 274
46090 .09.7 .246, 324.3 -2429.42 "St4 423.3 00.4 32.420 023t.6 2.7

49033 2394 .2023.4' 1227 12124S 423..4 20.3 40..22 9324.2 2.774
D030 224.4 .232.2 1742002 2.20 239 0. 42 .0341 439.2 2.774
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PRESSURE PROFILE DATA
SYSTEM LIGUID BIPROPELLANT PC 300. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WI. 0/0

DFG K GM/CC IKCAL/FORM.WT.)
LOX 90.2 02 1.14 -3.08 73.
LH2 20.4 H2 0.071 -1.887 27.

BULK DENSITY * .225 GM/CC -
MIXTURE RATIO * 2.704 L8 OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 641.54 EU/IOOGMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 16S.8 --

TEMP. DEG K 2299.8 1951.3 1644.7 1375.9 1192.9 1141.3 939.3 767.8 624.1 S08.3 407.9 328.8 2037.5
ENTHALPY I-1 32.30 77.56 115.83 147.98 168.98 174.77 196.91 215.06 ?29.86 241.86 251.57 259.36 66.52
CP 1.32C8 1.2735 1.2221 1.1672 1.1275 1.1165 1.0742 1.0421 1.0183 1.0028 .9904 .9800 1.2868
IMPUL OPT 198.43 269.58 317.24 344.83 352.06 378.42 398.74 414.57 426.98 436.76 444.45 172.54
IMPUL VAC 312.39 340.2d 367.51 384.92 389.63 407.19 421.06 432.02 440.70 447.58 453.03 309.39
EPSILON 1.025 1.416 2.242 3.306 3.732 6.364 10.994 19.142 33.511 88.894 103.880 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .4q6 .223 .100 165.8
TEMP, DOG K 2299.8 1959.5 1653.8 1384.3 1200.6 1148.7 945.8 773.3 628.8 509.2 411.1 331.S 2044.7
ENTHALPY t-) 32.30 77.65 116.08 148.39 169.49 175.12 197.58 215.84 230.73 242.82 252.59 260.44 66.57
X BAR 13.4C5 13.195 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.397
1 13.405 13.395 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.393 13.397
Cp 1.3954 1.2928 1.2262 1.1688 1.1289 1.1178 1.0755 1.0429 1.0185 1.0029 .9901 .9806 1.3150
IMPUL OPT 198.62 269.98 317.79 345.48 352.74 379.20 399.60 415.49 427.96 437.78 445.51 172.67
IMPUL VAC 312.87 340.91 368.23 385.72 390.44 408.07 422.01 433.01 441.73 448.65 454.12 309.82
EPSILON 1.025 1.418 2.24S 3.311 3.738 6.375 11.016 19.184 33.590 59.041 104.163 1.000

COMPOSITION SHIFTING (MOL/IOO GM)
52.10 M .0232 .0044 .OC05 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0071
9.33 P.O .0020 .0002 OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0004

.00 H2 8.8198 8.8283 8.8301 8.8303 8.8304 8.8304 8.8304 8.8304 8.8304 8.8304 8.8304 8.8304 8.8270
-57.80 H290 4.5605 4.5623 4.5625 4.5625 4.5625 4.5625 4.5625 4.5625 4.5625 4.5625 4.5625 4.5625 4.5621
59.56 0 .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 02 .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
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SST2 I CTID p303 686PROLL463 PC S00. PS18

DOC2 20. 6200k.11C 31"o~ .

MILANo .C/. P PS3k llMpo *NolLpP C, Ca. 3 MI 0010T 09100 3o I [A I *3 I At I VAC CF SEA CP VIC
000 a MCAb/30806 GO oft of AC .0 L1 30000 10000 ptk

I.0 1 00.00 010. -3N.o It32
1.000 :O.6.0 160.03 01.-.02 MII .00 312. 1M0.1 .62$ 29.1. D00.9 306.0 300.0 .0 .3

:0.000 90k 3.00 ..32. 10 -~. 0 k 006.0:1o E 4 02.9 1.0 330. 3 E0.2 '36.6 30 1.1 o I::::100

a0.00 30 k 1. 0 .9 11.13 23.9 .300.12 MIS3 00. 0. 240 4.0 310.4w 360. 30. 1 .20 0k 3.

"3000 3"913 I .0 : 41' 3.* -23.0? 3 0. 3 0 9.4 0 .0042.0' 1.1003'. 0000. 60 1 3 .03 33. -239.6 3 .034 4.36 2 0. 1 M% 0.83 0. 4 30.1 11
1A.000 3 3.009 3.130 203.1 .20S3.013.031 400.6 20.0 33.611 404. 202 3.2
13.00 393.12 1 .9 0 3. .6 .0.1 .0'1 406. 39. 1:.16 . 0 19 311

30.00 2.00 .20 361 -2.1 320 30. 31. a.3 430.0 3.
39.000 20.0 .11 090 -300 .09 400 3793.9 4339 1.4

3.00 ,10.130, IN603 t 362 1 .39 a 3.032 4039.0 30.3 39.303 430.2 .9
ilk.000 329.022 %.? 393 03.2 .223.03 1.033 40.200 3. 20.0 0 031.67 13.202;
21. 000 1943o.S *s 2. 6. 21 .93: 3.030s 4020".9 : 19 209 434. 1.72T
10.000 212.924 t.04 311 -2011 I.0 42. 3. 2.0 40. 313

L9T 3 9. 30 . 600 30.2 -22.0613.004 420. I.3 30.0 4. 300. 3.1
03.00 109 .2 -24. 2639.0 3 .0 102.0 10. 20.0104 439.t 3.21
31.000 200034 .9 3. 203 .0 2.6 34. 2.14 43.9. 3.M10
22002 0113 S2 030. -20.9 1.04 020. 30.01 21.% 3 400.3 3.2

20. 000 309.23: .10 006.3 -101..94 3.003 4201 3. 222 0. .
1L.000 32.1101 .061 902.1 -202.30 3.01S 022.8 33.4 10.02 000.9 t.1451

22.00 0 400.906 .098 002.0 -00.3 3.0 00 41.06 6 33.016. 13.900 03.34 3~.2
23.000 022.203 .04k 0334.4 -203.02 3.303 040.0 33319. 3 ,.. 3.2t60,

21000 :119C .1 2 : 00. .203.13:1 3.1M :00 0 426.9 3. 30.080 002:.0 .
I.00.02 2163 1 3 0 . -200.2 3.00 0 9.0 33 0 3.101 4b.42. .

11.000 411.01 13 02 1.3 S24. .:090 029. 30.9 '.3 1002.1 3.
is.C30 .0 3 .2 012.04 -20.3 . 29 030.3 32.2 3).2 00.0 3.u

.00 0.39 .9 00. -2000 .19 03 .2 32 :.0"0 000. .0
.3.0000 M23.32 , "".20 0 .1 -204.02 .9*020 330 32. P45.70 00. 3.6

12.4000 90.41 51349.1 -200.0 9 1.004 032.0 32.0 24.404 000.2 1.100
13.00 0.3 .. 36"' 03 003.3 -002.523 . 00 3 0. 32.3 2.00 4:00. 5 1

00.00 30t.32 20 009 -0. .. 36039 3.00.3 0. 3.76a

0000 026.909 ...6 034.1 -20.0.2 1.2*030 . 33.4 1 43.MM) 00.6 3.600
3.000 '29.030 3 Q.6 44b32.9 -1 .73069 1.3200 .0 0.1.0 4. 1. 0. 3. .0 .0

00 6 ,;4 6 1 .03 13.4 "..1P33
990 43 0 99. 0 1 2. .21 t

:010 6 0130 0 2 0 : 61 1P L:L 1000 10 30
3.300110 00. 00 229. 91.3 3.39

3%.000 4 :1.00 3 1. 0 2000. 1.4 :.1 3. 31 3 2.2 3. 2 . 2 9.1 303.31 0 6 4.0 30 . . 14 's20

.003 1 .4 0 . 3. .1 303 i .3 -203.10 99 .36 3 0 .1 ý13.2 31,: 31 .2 3 00 9 . 003 333 .4
3. 0 1 3.0 121330. -309 3.33 3. 024. 0 2.9 301. 3 1. 37 .0 0.1S .30 I.3U

4.0 333 3.. 300 9.336.4 94 3 .33 30.6 00.0 4C.054 3. 323 33. .0
900 3.C .031 3030 -0.6 3.0 34. 32. 3.190 3h 9 34.0 000.0 .1 3 .039

0.000" OCI 100 1s.91 00.9 -399.30 3.00 3240 1 9. 0.91 39;CDI CI T 1 .8 02. 3.436CVI
3.00 4.2 DEG20 93.9 .0L1.G G.0A 383. 01.0& 196900. 3 030". 1 3.69

9.0'9. 00 3.3 3 .2 -0.943.00 3.9 2'' 1.2 2 .0 2 2.93 . 1 01. 04.4 430 01.3 . 1.46
33.000 1232M 2.004 113. -2.66 3.0 9.'2S909 0. 2. .3"32.00 33.3? 2.. 29 1 -3.01 :'181 400.3 %3.0 ,9.9* 4 0 004. 062.3. 1.10S

30.000 310.20 3.239 2031.0 _202.06 3.0's 03. 0. 3 332 33 00 11.3 ..02136 2
11. 0 :11 :1t:6 -1.0 19292 3 3 690 .2 .09 0 3.36 49.0 39. .7 32.100 420.9 1:3.22

6. 000 2921 1.0 00. -220.3 3.2 3.41. 09603.9 3.003
30.000 20N38 3'3 43. .3 1 :0 303' 03'.9 3s:.1.0 3 89.2 ' 0 32.0 434:1,

20 0 0 60.98 3.803 0300' . 2. 1 `6 0 030 .3 1.2 3..1.0 3..310

"22000oo 321.020 a..&. I91.3 -213.00 3.3044 210. 36.9 38.039' - 0 39 I.3 3.
03. 000 311.30 Z.L60 374.0 : .230. 3 .0034 4039.9 36.2 9.103230.3 1.700

2.00 10.2 .10 340.2 -230.. 10 .030 023.0 130 120.691 031 4 3.10
20.000 ~ ~ ~ a 02.9 11 309 -3.2 309 020 19.0 2322 036. .1031

20.00 V333 . 0 90. -3.6 3.0 020. 30023N2 3.1 1.?12

32.000 130.933 .32 036.0 -203.1 3006 02.0 0 0. .1 4403.1 3.11

30. 000 2189#80 1.030 300.0 -203.0313.003 02. 10. S33 04310 1.,.:

3200 0109 .: 0 00.6 .000 41.10 1 02. 33. 30 10 402.0 3.100
*000 12.9 40 00. -2019.00 00.3 13.3 10.0301400 3.S

20.000 73.000.1 3 8 01. -20.0 .9 033 1. 33)441 3100m

024.000 M3.120 .3I 00. -200 .09 I3. 32. 330A04. ."0. 000 660.013 .30 0. 1 m .20, .09 032.0 12.0 90.90 009.04 1.291

0.000 99.330% .307 0.92. -0. 0 .99 ).2 1S.4 it.?:, 009.0 .?I's

2'.00 a 0 . 2 .300 446.3 -2 0 9 .9s 030.o44 1 3 , 2.0 9 29 0 1 3. 9
00.000 3030.31 .29 004. -20920 .9 400.9 13.9 0.23.00.0319

09000 30 9 0 3 .206 2 00 20 . 0 . 4 430.6 1.1 0. 400 .3.?600

30.00 319.3214 .21 01;.0: .2: .04 0 :1 1 0 306 :.3 31.:1 21.114 000.6 1.703
IS.0 00 0 .00. 10.090 320. -300 3.3 34. 0 00.2 I 1i 8 040 . 33. 6.0 392 3.9 .

12. 46.95 .29 4 4" 1 1 6 44:6- :,.I04: 014 ': :1
No s t: 3 a 1:0 10 61

I0 S:: :46 0. 210 .0 282 1. IS1"'
36. :42694 .66 $1.1 -24.61 1.02 24. M$29.05 t .1 P0 .1
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PRESSURE PROFILE DATA -T
SYSTEM LICUID BIPROPELLANT PC 300. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 010

DEG K GM/CC IKCAL/FORM.WT.)
LOX 90.2 02 1.14 -3.08 aC.
LH2 20.4 H2 0.071 -1.867 20.

EULK DENSITY - .284 GM/CC

MIXTURE RATIO - 4.000 LB OXIDIZER / L8 OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 537.79 EU/00GMS

CHAMBER THROAT

FROZEN EXPANSION

PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 168.1
TEMPt DEG K 2926.6 252S.0 2168.9 1853.1 1635.3 15?3.2 1325.7 1107.9 918.5 755.9 618.3 503.3 2631.3
ENTHALPY (-I 26.42 69.94 107.42 139.53 160.91 166.87 190.02 209.44 225.60 238.96 249.92 ?58.86 58.54
CP 1.0976 1.0685 1.0351 .9970 .96S8 .9566 .9123 .8715 .8355 .8072 .7852 .7698 1.0769
IMPUL OPT 194.51 265.45 313.68 342.05 349.56 3?7.26 399.02 416.27 430.01 440.95 449.68 167.15
IMPUL VAC 307.34 336.45 365.02 38J.59 388.67 407.79 423.15 435.45 445.28 453.13 459.41 303.94
EPSILON 1.029 1.443 2.323 3.475 3.941 6.852 12.057 21.339 37.860 67.250 119.540 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 168.9
TEMP, DEG K 2926.6 2602.4 2279.7 1968.6 1745.9 1681.7 1424.? 1196.9 997.4 824.8 677.5 553.4 2694.0
ENTHALPY I-) 26.42 70.46 109.11 142.64 165.12 171.42 195.90 216.55 233.83 248.18 260.01 269.69 58.58
X BAR 10.051 9.976 9.938 9.924 9.921 9.921 9.921 9.921 9.921 9.921 9.921 9.921 9.994
N 10.051 9.976 9.938 9.924 9.921 9.921 9.921 9.921 9.921 9.921 9.921 9.921 9.994
CP 1.6359 1.3S28 1.1534 1.0397 .9882 .9760 .9284 .8849 .8471 .8157 .7901 .7725 1.4254
IMPUL OPT 195.73 268.20 317.98 341.3? 3S5.17 383.98 406.10 424.79 439.23 450.79 460.04 167.25
IMPUL VAC 310.40 341.23 371.09 390.48 395.79 415.80 431.94 444.93 455.34 463.68 4?0.36 306.42
EPSILON 1.033 1.46S 2.373 3.559 4.040 7.050 12.452 22.125 39.40S 70.230 125.190 1.000

COMPOSITION SHIFTING (MOL/100 GM)
52.10 h .1930 .0890 .0298 .0067 .0016 .0009 .0001 .0000 .0000 .0000 .0000 .0000 .1139
9.33 moO .0640 .0218 .0049 .0007 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0307

.00 m2 4.8589 4.8875 4.9C82 4.9176 4.9199 4.9202 4.9206 4.9206 4.9206 4.9206 4.9206 4.9206 4.8798
-57.80 H20 4.9333 4.9777 4.9950 4.9993 4.9999 4.9999 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 4.9685
59.56 0 .0015 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0004

.00 02 .0006 .0001 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002

-238-

-I



SY5STEM LIMIT0 SIPASPI3L407 PC 300. 0434WI~
C0000 7010koh TEST u1 0631119 III * M60 WI. oil

101 00! 016 01:11,C :":::, "t83.

C0 ST. 002; l.I .5C .I60. T I I IVC CFSA A

K CLýOGPG 094fo 0 3.0 1.00

1.02O2.1 : 0.,N l 109. . . 3 . 37 45919 . 2 %6 o . 0 T.600005.0.2a -23.2 .I2 92. I7. 221 0 .4 1" 3L.634
3000 4200, 636.1 :.230., 0 ", .6a38 424. , 10.7 :2. 1 S0. IS .63S"9 S
33.00.3 4026 .0 4 600. -267.006 .10 4250.4 14.4 U0.48 002.1 N.13

0200 ::S. OT .823 : 600. -2 01 .65 0 .316,1 t:0 ,oO 34.09 00.0 44.I..3

30.000 .2$.02. 42 164.4 -23.0 1= 1.63 02I.? 34.9 2.7043. 1.690

3400 94.8CO A.L0 711.4. -2037.20 .914 02.3 4 .26.0 0 $.;)1 1 .61"0,
10.10000 180.032 2.330 70l.2 -237.114 .609 029 s 34.0 26 9.006 444.4s 1.724
17.003 47.036 2.4 "1, 7019 -3.4 .t0o 4920. it .4 a 0 32 044.0 1.23

38000 0 6.134 .1.2 444 .2004 .607l 21:1 400. 1 314. 1* 3002 0A= . 3 3.624
t0.000 053 .350 1.174 A4. 20.0 .0 05. A5. 33.7. 449.7 1.620
1000 044.621 .6 747 -2 0.1 .0 1 0 U.2 34.9 32.12 4 40. 1 2. 1.628
1.080* 170 1 .'T! 754.0 -200 .00 43. 14. I'.l7: I44. .620
IT.00 0.3 .427 ..0.5 -2.1.11 64 40. 2 0 1 4. 2 435 04. :".6I33

40.00 40 .0 .39 1 .0 -004 .0 454.11 34.0 30.034 4074 13.65

4000 04 570 . 93 09.1. -220.34 .70 054. 3 I64.2040. .
3:4.0000 902 ,6 .A3S 06.I704 00 440 510.9 0. .

3013.0900 20 I 040 76 33737 0 0. 307036 03* 6 0 3 30k 3300
a6 6.0 16L330 10 03 20 1-3 10040 0000 I.
1.00 11.090 .00.000 21910.0I-20.0.. .0..

8.000 "1 .73 360329. 9.6 1 4 ,130.5 330.: .23 . 9.0t 0 4. 30.a .3 .9
IT.00 0.0 3393 2301. .3 4 3 N..1.07 30. 733 3.7612 540. 544. 3".6 30. 35 .90
3.0 0 24320" 2. 57430*.1 -233.9 .977 544.0 44.0 .07 201.3 3 A. 39.. 1.690
14.0000 33.26M ::.10 .0..6 -363J.58A .907 427.2 34.9 15:.3"0. 400.0 k.811

.000o S24.612 I 00 7 :304.2 -2360.340, .13 374.07 54.1 27.8m, 60.0 433. 1 10
7.:000 423 .30 3277 -34 03 1,0 6. 03.91": 4.* 4.7 04.0 1.012

30.00 001 l.64 5.0210.9s 74 . 0.0 .903 64. 275 .32416.9 2. 1.724
30.000 6S3..021 2.097 3 ,04.0 -230.51 .o$4 00.2 1.320 . 649.30 1. 2. .
32.000 C3.0 .31 206 -34.5 .0 4 49. 2 10 001. 43. 1.6

3. 00 0 ?,6.629 2.11 3303.0 270 .802 006.2 24.. 10.751 .43. 033. ::,a
3.0 344. 0.402 2.3970 7. 33 45. 24.30 .637 030.3 24. 36.0164 3. 3. .
35.000 11S.10 .2 6 Is? 1 2043 .7 433.0 234 12 7002 004? 3.749

3V.000 aIs 9.40 3 *0 434 093 -22.3 .0 43. 22.3 10. 309 439.0 3.777
30.00 20.2C7 3.43103 .7 -3 .1 .6 03662. 00900.0 3.302

39.02 22.023 1.3 104. -204 .6 4 02. 2303.3430 3.7

1.0470 Z0.41.2 -496 93.0s. -234.30 . 3 420 430.3 0. 22.021 000 366 7 .463.6 1 . 601 1.11

G A3.000OGmDGP L 00 1 V
,30.0'.00 s

39.000 19.0 :.005 627.70 .27.1.00 0.0 3.2 3.1137 l 3 99. 0 460 3.60

42.000 0. 36 'I 3 1 6111 07.3 -2 :49.4 1,30001..0 9. 3 34.73 004.0 3.640. 1?: 1,::
.5.0000 73.000 Z.032I 78669.0 -003.33 .097, :0: ' " 40. 35 .5 37.390 417.4 3.0

40.00 730734 193 03.0-24390 .00 02.0 9.2 6..0 087.6 ,0
47000 77:6.370 .560 777.3 -202.09 . 6o 003.0 39.0: 5032 0t6.3 3.6"4

46.600 6370 .50 736-024 60 43.9 10.9 3.604 400:.4 3.04I
4..000 :4s2 910 1 : l.*l13 11 744.0 : -252.9 .00 4 5. 30.6 00.631 6 006.1.7 1.:,0

5000 4.30 .634 3.1 -3.4 .0 4. 43 03.09 449.0 1.004

3.40" 208.4 1. 80 6'4'.9 60.3 96 374 3. 293 34. 300 30. 50. 340 3,o 0 0:,0,, : 0 , *I
1100I3S$ 2lI14. "4 0. 6S OklA 4,61
'1I



PRESSURE PROFILE DATA
SYSTEM LIQUID BIPROPELLANT PC 300. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEC K GM/CC IKCAL/FORM.WT.)
LOX 90.2 02 1.14 -3.08 85.
LH2 20.4 H2 0.071 -1.887 15.

EULK CENSITY • .350 GM/CC
MIXTURE RATIO 5 S.667 LB OXIDIZFR / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 456.69 EU/I0OGMS

CHAP BER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.471 2.460 1.104 .496 .223 .100 168.9
TEMP, DEG K 3322.1 2892.5 2510.3 Z169.8 19J3.8 1866.3 1595.8 1355.0 1141.3 953.6 790.4 650.5 3008.7
EATHALPY 1-) 22.22 60.97 94.65 123.82 143.46 148.98 170.56 108.95 204.51 217.56 228.42 237.40 50.58
ce .9111 .8919 .8695 .8434 .8206 .8135 .7810 .7457 .7109 .6787 .6s25 .6308 .8975
IMPUL OPT 183.60 251.07 297.31 324.77 332.08 ,.9.24 380.86 398.23 412.24 423.55 432.66 157.06
IMPUL VAC 290.48 318.86 346.82 365.17 370.21 389.37 404.99 417.67 427.93 436.21 442.86 287.02
EPSILON 1.031 1.457 2.368 3.572 4.062 7.149 12.751 22.876 41.117 73.673 132.542 1.000

SHIFTING EXPANSION

PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 172.5
TEMPO DEG K 3322.1 3069.6 2821.2 2567.1 2363.6 2300.5 2026.0 1759.3 1513.1 1291.0 1092.8 917.6 3146.6
EiTHALPY I-I 22.22 61.77 97.65 130.07 152.65 159.10 184.77 207.18 226.53 243.10 257.18 269.06 49.96
X BAR 7.847 7.713 7.603 7.521 7.480 7.471 7.448 7.442 7.441 7.440 7.440 7.440 7.752
N 1.847 7.713 7.603 7.521 7.480 7.471 7.448 7.442 7.441 7.440 7.440 7.440 7.752
CP 2.4629 7.1034 1.7C70 1.3362 1.1110 1.0561 .8918 .8107 .7651 .7272 .6940 .6621 2.2212
IMPUL OPT 185.49 256.17 306.32 336.85 345.08 376.05 401.13 421.59 438.36 452.12 463.41 155.34
IMPUL VAC 295.84 328.56 360.81 382.22 388.14 410.75 429.35 444.68 457.30 467.67 476.14 291.10
EPSILON 1.041 1.521 2.549 3.923 4.485 8.048 14.578 26.562 48.540 88.713 161.844 1.000

COMPOSITION SHIFTING IMOL/1OO GM)
52.10 H .3542 .2608 .1738 .0919 .0528 .0422 .0126 .0024 .0003 .0000 .0000 .0000 .2891
9.33 -90 .34C3 .2229 .1261 .0564 .0240 .0176 .0034 .0004 .0000 .0000 .0000 .000.0 .2572
.00 H2 2.2061 2.1550 2.1229 2.1123 2.1148 2.1164 2.1234 2.1269 2.1276 2.1280 2.1280 2.1260 2.1694

-1?.80 H2.0 4.8851 5.0436 5.1616 5.25L1 5.2872 5.2941 5.3090 5.3121 5.3125 5.3125 5.3125 5.3125 4.9980
39.56 0 .0315 .0160 ,0C63 .0016 .0004 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0201

.00 02 .0278 .0150 .0062 .0017 .0004 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0186
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SWI76P L34030 B3P4676LL&N7 PC 1000 PSIX
C0MPONEN 0 NI FOOP U V663 06 W0* MAT FORM Wt. old

060 GM/CC 360/P6.O.

EPSILON PC/P P PSIXIA P 7697 170037 CA CA.1/ 1 4O 11 OSOC ML1AC I II I At I AT I VAC CP SEA CF VIC

DIG K .AL/-1 G.0 o 60 300 36 /.32 23. 310.00 300. 300 . 3.03 3.0

3).00111.1 -330.0 :."7 0. 66 A3S 6. ). .

D"2. 36.3 .6 7. 00 773363.0 1 ..

1.S. no6.1 .70 37. 0 . 367.7
.Do0 S 14 . 13 107.2 -3004.31 .700 3143. 30.0 1S.034930? 3 :8.0 .:
.. 0 64e .641330.) -16.403 .700 383.) 2.3 30.8221:: 366. 00.: 1.

-330. .3 364.3 27.71 13.Doi 36 As.0
4.0*00 :,-3)0.0 : . 73 2 .40. 22.2 ?38.03334. 12

0060 .20930 2.23.0
*1 L3104.09 - 3)9. .72 333 2. 10.7 3.4

IS , 366' 29.0 -203.33, :'* X739 390 . , 20.0 o 389.00 4301.0 3.79
3370.) 1 111 -201.00 .753 0 9) 10.1 20.3 30.204 39 030.0 3.70

* 330~~~a9 . -24.00 .733 Is. 60 77003. .3

320.00 32.1* 1 -20. .A 0 003. 1. 6 .20. 3231. 42. 1. 0-t 0 .. 6 .. . :,111:24 :It: .703 9 0 2 0. 3 6.3092" 02. ".02
-209 I 1 6 1 .26 1 .0 9 .003.4 3 6.3 2373 2.16. 1.204
-230.0 .t ) 1 1 940.3 7. 6 1 2.41 29 422.3 1.620

00 1W60T.00 00.9 3.0,I 0.33 42.3 3.a
.0.9a 000. 37. 106 02.8 :3.63'

303. -223 '00 407. 37. 2,.6 02.3 1.3

093.9~~~~: -208 106 009.3 30302.) 2.
96 n 36.0 .1 07.0 -230:.39 .06 0.94 T 30. 120.8 02. 1.

2. 000 1.3)7 .33 9092.0 -230.06 .:9 06 13. 30A 3033 027.1 3.830
40. 020 3396 .3 0. 270 1 .00 ' 1330 ,3.9 "0.'32 027. 1.

02.000~~AI 02.3 03 0. 270 07.6 032 73.0 14.33 02.3 3.614"..0 00. 36 ,2 " :,1000'. 23. 07 .7 030. 33. 30.37 026.3 1.637

is.3*00 730.360 .13 93. -202 .12000 3.93. 3. 1 .6246.000 702.340 .3)) 006.2 -220.03 .73 40.30. 30.61 33.913 033.0 3.6007.000 520.06a S*97 902. -223.03 . 070 3:9 30. 32 60 430.0 1.700

30776 6280000369

:Do~~ ~ ~ ~ OTA A. 7090..4-1YS:7 '1 1 1's: 6
67.33306 73.23 P 7330l TEMP2 -2619107 CP7 CO 7 3 PTOOC0604 sajs 9643AT4.T 3 TC C 06 CI 004

.100 6.169C 'N000 0023..2 .0

3.:000 1.6 2.0 300 -09 .2 0. 3. 77 203 200 290 293.3 323 1.360
2000 6.31,64 00.')) 2079.0 339.03 3.0 6 2. 0 004. 0 IS.? 3 320.0 03. 40. 0. .0 .736.000 14I.003 Q333 1208.91 -326.96.200 06368 3. 0.7 030 300 003 390 10? 3.

40.0 2007 3.0 23.3 330 1.0 33. 030 336300. 7. 6. 3.020
9.00 604 3.7 292 -0.7 307 330 0. .0 3. 6. 9. .

2.o0*00D .....00 0.31 12090. .37.00 .92 '0.3 30. ' 3 390. 000. A.71

9.000 00.06 0.661 390. 39. .7 332 303 .2202 4 030.0 3.70

30.00 140.002 12.0 6 09.3 -033 .:2 39. 29. 0.3.6 406.6 3020. 1.60 9 .:

30 0 0 3 .908 2G .062 3770. C~ l 00 -20 .7 . D3 , 399. 26. 00 0 009.3 42 .23. 3

33.000 32.0 8 2".3's. 3707.1 - 49.3 .00 1640.2 27.9 .0 3 1...0 030.0 030.3 3690 . 0221 1 :3A.00 a 326.977 12.30 323. 3230:3 .$200. 2. 23.4 033.9 3.629

3A.300 173 t.07 3.170 3007.0 -123.30 .768 030.7 23. 1030 ':00. 4 . 3.9
20.0 DO 620 3.390 320".3 -3.7 .700 032. 20033 0037.60 .6
23.00 I4.02 3.093"6 3004.0 -219.33* .70 03. 2. 3 0..73 00..00
22.000 233.033 3.0 08.6 -24.2.7 .077 03.02 0. 3).1 0 1. 02 4 041.2 3.S60
2o. 000 2 '9.09 3. N' 3030 .2.7 .2 060 2. 000 02. 13.673
12.000 203.649 3.393 3334.6 -220.73 .709 0395.21 3. 30.29.109 4. .7

2000 24.06 3.30303. 70.9 70I 00. 23.2 20.099 . 0 44. 2 ."17000 277.83 300 3 304.7 11 2273 .7"02.12. 3.0 003s.6

". 20.00 000.033 6 199 470.2 -220.33 .7109 024.322. 21.93111" 1 00.7 O 3.922
-W01.*00 323.333 .3 34002 19.S 230.0$ .737' 020.3. 22.2.33.737 047.0 3.A",

111.000 300 .23 .2 003 -3.3 . 2. 102.0 4 00. 0 633 .000

i0.00 43.0 .72 3396. 10-23322 f. 4 100.0 20.0 26.030 433. 0 1.931

23.00 10:'1'02 .130 3330. -26. 73 .737 0300 20.2:' 3297 04. 392
22.00 04.2 .0 34? 2.3 1 -3.30 .70 0301.0 29.9 33.307 000.0 .7

03000 039.:3 .7 6 33. 29.90_2 .6 734 030.3 30.7 30.302606 3.2
24.000 034.690 1.29S 3323.0 -220.06 .730 03. 3. 3A60 00.0 91

01.100 000.000 .0110 3309.6 -203.73 .700 007.0 9 .IN 30 00.3s.
06.00 0.2 .303 299 -202.62 .7106 .3 392. 0 376340731 3101

MO.OD 303.79 091 20.1-0. .. 727 036. 369 7 67.0 3.03
)a0.000 301.030 .070 0200.7 -2103.609 .70 00. 66393)07. 3
H3.92 A003 'N0024. 32.3 3 3 000 0.0 .6 3. 0. 7. 6. .2 .3I1 112 , 11
DOI'I S 2. tM A .0

14 o11:0,..



I
PRESSURE PROFILE DATA

SYSTEM LICUIO BIPROPELLANT PC 300. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DIG K GM/Cc IKCAL/FORM.WT.I

LOX 90.2 02 1.14' -3.08 90.
LH2 20.4 H2 0.071 -1.887 t0.

BULK CENSITY - .455 GM/CC i

MIXTURE RATIO a 9.000 L8 OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 368.96 EU/IOOGMS T I
CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 300.0 134.7 60.49 27.16 14.70 12.20 S.477 2.460 1.104 .496 .223 .100 167.9
TEMP, DEG K 3415.7 2984.7 260C.5 2257.8 2019.8 1951.6 1678.1 1434.1 1216.6 1024.0 855.0 708.4 3098.4
ENTHALPY I-I 18.C2 48.20 74.52 97.41 112.88 117.25 134.35 149.01 161.50 172.06 180.90 188.27 40.30
CP .7069 .6925 .6767 .6580 .6421 .6369 .6133 .5875 .5605 .5353 .s121 .4925 .6968
IMPUL OPT 162.03 221.70 262.80 287.28 293.81 318.12 337.58 353.30 366.07 376.43 384.85 139.22
IMPUL VAC 256.49 281.85 306.85 323.33 327.87 345.17 359.36 370.96 380.42 388.08 394.29 253.34
EPSILON 1.032 1.463 2.386 3.609 4.108 7.265 13.030 23.S22 42.551 ?6.939 138.866 1.000 --

SHIFTING EXPANSION
PRESSURE$ PSIA 300.0 134.7 60.49 27.16 14.70 12.20 5.477 2.460 1.104 .496 .223 .100 ,173.8
TEMP, 0EG K 3415.7 3193.3 2988.4 2796.5 2655.3 2613.1 2432.8 2249.1 2054.2 1843.8 1625.2 1413.5 3262.0
E.oTHALPY I-I 18.C2 48.89 77.19 103.18 121.71 127.09 149.06 169.18 187.51 204.00 218.62 231.41 39.35
X BAR 5.932 5.812 5.702 5.601 5.531 5.512 5.435 5.372 5.329 5.305 5.295 5.293 5.849
N 5.932 5.812 5.702 5.601 5.531 5.512 5.435 5.372 5.329 5.305 5.295 5.293 5.849
CP 2.58C6 2.4567 2.2820 2.0646 1.8656 1.8014 1.5084 1.2063 .9337 .7393 .6342 .5828 2.5013
IMPUL OPT 163.87 226.88 272.19 300.34 308.04 337.63 362.64 383.99 402.24 417.75 430.86 136.22
IMPUL VAC 261.78 291.81 321.94 342.62 348.46 371.49 391.44 408.63 423.26 435.56 445.87 257.31
EPSILON 1.043 1.541 2.629 4.130 4.757 8.873 16.814 32.033 60.850 114.811 215.509 1.000

COPPOSITION SHIFTING IMOL/1O0 GM)
•2.10 H .1893 .1453 .1067 .0737 .0522 .0465 .0255 .0112 .0034 .0006 .0000 .0000 .1587
9.33 H*U .6611 .5482 .4435 .3477 .2800 .2606 .1831 .1161 .0622 .0257 .0076 .0015 .5832

.00 1,2 .5275 .4412 .3572 .2763 .2173 .2001 .1309 .0727 .0308 .0086 .0014 .000 .4685
-t7.80 H2#O 4.0076 4.1725 4.3281 4.4733 4.5769 4.6067 4.7251 4.8240 4.8967 4.9385 4.9551 4.9594 4.1209

59.56 0 .1360 .1055 .0791 .0566 .0419 .0379 .0230 .0119 .0048 .0013 .0002 .0000 .L147
.00 02 .41C2 .3994 .3872 .3737 .3631 .3599 .3469 .3365 .3306 .3297 .3311 .3320 .4031
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SYSTEP 020020 1IPK8PELL.443 PC 300.P2C38P97.K*7 1%t FORM"0LAT 01417 4N 6 P908" A FOA fW. 8/0
DPG K 08/CC 24C6L/70K8.87.)

"20. U2 1.7 -28 to.
I.PO, 116P474 on2to

1/32009 PC/P P P524 7640 14
7

"1,P1 CP C ALI I GPO OIL/AC OIL/AC I SEA 2ot 67 2 *7 I vIC CF 386 CF VAC
... K .C.L... 0 3080 /MPI LYL 2000 S000 V.L

2.00 20.0 3425.? -11.01 .707
1.000 2 .78 276, 0 994 -0.0 .9 139. 314. .6 2*3. 24..5.2 53. 1.29 1.2422.000 8.9.1 L 33.071 23T.9 -9.4 : . 44 203. :::7.N4: 1.524 216.1 4 16. 296. I9. . .4
3.003o A4.43M 13.3 12.7 -104.32L .449 277.2 39.2 2.0)0 284.3 2951.3 312.9 314.4 2.40K 1.551t

:.0:6S3 2.4924.4 -114.34 .430 292.11 34.5 2.700 299.9 322.3 027.9 ..403
5.000 02.6153 9. I 28927 - 223.52 .49 329 3. .1332. 343 249
4.000 42.242 7.09 115. -139 IKS 31. 292 24 33. i298s.4

7.000' 5224 575 446' 3.3 .15 347 2.4147K334.0 344.2 1.468

::..000 22.94 5.749 243.41 -274.95 409 32. 24.2 9.44 338.4 247.7 2 0
I.0 7437 4 "2 154.6 -20.3:44 325:. 6 24. 4.62 340.2 350. 1 1.2

20.000 34.12IS 3.484 1540.4 -2*2.49 .593 379.3 24.0 4.963 34.4 3.62*P3
goo00 47.9315 2.c42 201: "250 19 2224 "'7. 7,54 342.7 355.4 2.144

22.20 09.32 .71' 245.4 -107.1 .59'1 335. 22. .1N425 31.'.S
23000 '2. :2244 2450 16.4 .6 337.S 21.4 1.3 4s. 359401.2 2.4

.15020 148.7101 2.'17 127.10. 7.1 .532 324 2.0024 4.84. .7

11.00 174.94 2.ji32.g1492 .7 4.2 29.6 11I034. 6
26000 1.4:4 1.54 1211.7 -1411 .73 34..9.60.7 344.0 1.799

20.000 20.34 ' 1. 342I 223. -146.2 .54 34.3 2312364. 0
22.000 629.118 1.20/ 1239. -4. 1 *544 352. 1 .25.2 3. 4 9..2
/3.000 14.903 2.134% 1322.46 -141.07 .57 442 352 .8 2 1.6 8,0 2544 370.4 2".627
0.700 27.340 2.C1I4l 1/. -242.99 .540 353.3 111.4 IK.329 3113 .62
/5.000 /5.73 .L 57 -4.1 .5 5.7 213 2704 3 12. 2.04
/4.000 1. 5 .940l 222. -2542 . 35. 210 174 312.: 282
27.000 234.9k 1.927 12 .144 214.1 Sbb4 354.9 24I.8 18.090733 1.3
29.000 321.433 I.82 24. -454 .51 381 24. 29A6 07401243

3200 34.a .75 2239 -224.4 ".5 309. ý14.0 21.289 375.4 2.1
3200 21.:.13 . 72 115. -172 .54 340 . ..I7.3 15..195342 2.64
33.00 *3.74 491220.4 -124:71 .044 340.9 10.7 22.047534* .4
2500 SI.t0 .04 09.1 -4. 2 .S5 342.4 25.5 23.359 3772 294

14.000 437.3'2 .914 2075.9 -1492 .52 34. 5. 470 7.9 1.8531
27.000 505.2 :5'M 1041.31 -297L.4 4 .3 15 1 23.361 374.40 .5
28.000 534.24 57 20"'aI 58.9 -20.3 .50.4.8 24 9.24.02 278.8 1.657

42.00 5703 .2 103. -22.5 .57 34. 1?. S795 37.4 1.843

42.:000 345.0 0 .50 102 .0 2 1.3 : 34' 345. 0 ;14. ' 8.56 31S60. .844
5300 42.3 .480 202.8 -272.22 .535 344.3 1%.3 7L9.2320.1.4

45.000 43.64 .974 21013.9 -2072.4 13347 2. 9.5 6. .4
35.000 ~~" 45403 S4 207. -22.4??30.1 1.1345362 2.649

44.000 "20.24 144 20 0 5 - ) . 1 .5 2 3 7 4 2 . 2. 7 6 .. 7

4.00 1S.16 . 429 33. 3 .273.969.; .530z 348.4 13.6 32.79936. 11'19"49.000 734.404 .40798. 7 1 274.32 .530 346. 1373.1 0 362.4 ~ i..7
0.00 7071.234 -i 394 97. -21.4 .52 34. 23. 4 342827 1.7

C S0 S * 472. P7/..

4.0 17.000 1 200.10 0 342.? 2. 0 2.381 6. .SZ 95399
42.000 2i.724 273.62 324.0 -3.2 2.5013 42 1.1 49 212 250. /9,.2 21.3 23 1.162

2 .000 7.93 3762 26 8. -42,. 11 o.7 25. 54. 2.4 23. 29. 30. 307.1 232 1.472

14.000 21." .4 1 0 1. -124.70 0.229 3409 29.2 22.931.9s 390.0 1.644

11.0,000 22. 7 2 42 243, -2 95 2.02 34',2 .7 20 3312.5 392.8 1.8751

297.00 0 1440.7 k3 _ 2. 0 '/29.0 -273.8 6 2.25 3470 6.0 13. 3U 041 37 .2 39 .9 2.890
20.000 252.590 2.494 297.6 _125.30 2.22 346.7 27.4 14.034 37 1 9. .9

32004 21 10 ,2104 2034.5 - 18748 934ý 364.0 05.4 2.0.29 406.4 2.9.

31.000 2 '24.40 t.0918 26200. -291.34 Ma 0563 8.3 123.8 2.997 422.2 2. 211972

39:000 3 :99 1,01 6 291.2 -9.3 .4 399 2. 734 1. .7

4300 2902 7 94. -944 o.2 394.0 2.?2.7 : 3 1.644 41. 36.15.9

47.300 412.493 1.478 1930.2 -29.7.5 1.60 39. 224 33.073 *2 1.7 3 1.999
49.000 463.892 1.4442*. 484 16 34. 223.4 2. .0

30.000 477.41 42 230914 -2914 .79?q 10 394.9 2.2 35.29 4.1LO
4 020 ?3q1 244425. -192.71 1.641 9032 42. 3 61 2.8072 0. 2. 2. 4. 3 3

I. S
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PRESSURE PROFILE DATA
SYSTEM LICUKO IIPROPELLA T PC 1000. PSIA
COMPONENT Uf4F FORMULA DENSITY HEAT FORM WT. O/l

DEG K GM/CC IKCALIFONM.WT.1
LOX 90.2 02 1.14 -3.08 6C.

RP-1 290 C*HI.9S3 0.80 -6.92 40.

eULK CENSITY - .974 GM/CC
PIXTURE RATIO - 1.500 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 293.42 EU/IOOGMS

ChAPBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 10C 398.1 156.R 63.10 29.12 14.70 10.00 3.981 1.9$3 .631 .231 .100 546.2
TEMPI OEG K 2449.2 2009.4 1636.4 1-325.9 1063.? 931.9 045.6 666.7 521.6 409.9 314.8 241.0 2153.9
ENTHALPY (-1 25.98 46.61 67.4S 62.75 95.09 101.10 104.95 112.75 116.88 123.66 127.3? 130.34 41.12
CP .5939 .9161 .4586 .4796 .4612 .4504 .4434 .4200 .4171 .4093 .4042 .4008 .5212
IPPUL OFT 141.56 190.66 223.03 245.91 256.32 262.0? 275.39 284.90 292.11 297.S8 301.89 116.27
IMPUL VAC 211.01 232.66 252.12 267.08 274.11 278.52 287.23 293.86 296.91 302.75 305.79 206.91
EPSILON 1.OSS 1.603 2.786 S.096 ?.321 9.S26 17.996 34.185 6S.169 124.633 236.20? 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 10CO 390.1 156.5 63.10 2S.12 14.70 10.00 3.961 1.565 .631 .251 .100 549.6
tEMPo DEG K 2449.2 2020s5 16S6.1 1354.4 1120.6 1029.4 961.2 91S.2 861.5 613.6 770.1 729.6 2163.5
ENTHALPY I-1 25.56 48.67 67.64 83.17 95.89 102.29 106.56 115.97 124.55 132.43 139.69 146.40 41.008
X BAR 5.600 5.656 5.tS6 5.654 5.631 5.576 S.918 5.359 5.211 5.074 4.947 4.829 5.657
N 5.660 5.656 5.656 5.654 5.631 5.576 5.518 S.519 S.S40 S.5S6 5.573 5.565 5.657
CP .5572 .5283 .5159 .5202 .6853 1.1041 1.5308 4.5701 4.6153 4.6552 4.7081 4.4067 .5356
IMPUL OPT 141.74 191.30 223.83 247.32 258.34 265.42 260.42 293.44 304.69 315.06 324.21 116.14
IMPUL VAC 211.44 233.63 253.41 269.33 277.55 263.06 295.94 306.66 316.60 325.53 333.60 207.24
EPSILON 1.056 1.611 2.826 5.297 7.835 10.639 22.912 50.339 111.909 251.029 566.930 1.000

COPPOSITION SHIFTING IMOL/IO0 GM)
170.89 C OO0O .0000 OCOO 0 0 0 0 0000 .0000 .0000 .0000 .0000 .0000
142.00 CHC .0000 .0000 .8:00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-2.90 CoHoC .00C6 .0001 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002
67.00 COH2 .00CC .0000 .OCO0 .0000 .0000 .0000 .00 .0000 .0000 .0000 .0000 .0000 .0000

-27.70 CeH2.O .0OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .O000 .0000 .0000 .0000 .0000
31.94 CeH3 .000 .0000 .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-17.69 COH4 .00C0 .0000 .OC01 .0009 .012S .0400 .0668 .0682 .OST7 .04$7 .0413 .0355 .0000
-26.42 Co0 2.7005 2.6688 2.6170 2.9350 2.4063 2.3005 2.2150 1.9135 1.6163 1.3386 1.0610 .6442 2.6616
-94.OS C102 .16C3 .1925 .2444 .3256 .4428 .5210 .577? .7194 .867? .9894 1.1126 1.2261 .1794
199.00 C2 .0OCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
112.10 C2*H .0000 .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
54.19 C2oH2 .OOCO .0000 .OC0O .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
12.50 C2.H4 .000 .0000 .0O0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

109.70 C3 .000 .0000 .OD00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
242.30 C4 .000 .0000 0OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 H .0003 .0012 .OCO1 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0026
9.33 &sO .00C6 .0000 .0O0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
.00 H2 2.0619 2.0975 2.1496 2.2217 2.3112 2.306? 2.2770 2.2602 2.260S 2.2642 2.2682 2.2696 2.0863

-57.00 1200 .7276 .6960 .6442 .5637 .4S62 .407S .3796 .3976 .4183 .4321 '.4434 .4536 .7009
59.S6 a .00C .0000 .OC0O .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 02 .00CE .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 0/C .OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .1604 .3299. .4649 .6264 .0557 .0000
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39703033 36P6.67 P 30.P3
30306 66364. 1630 767P6 7 /

86 061C 0C3/P6.6.

9010 1.0 1 :"1.0 .44 06.9 31.3 I. 34 h1"3.49 6. t4t .0097 263.4 27h .9 0 SOO '::
3.0 0.13 S. 6 3 20.6 -#4.46 .44 h6. 39. 3.1 h lO.9 I 143 .
4. 0 2.i 5211603.2 -304.6 .460 246. .?. 2.6.6 h1.6

?3.000 3.1 .3 2. 343 9 279 3. ".333 263. 0 ... 269.0!.14
3.: * 0. 2 2.939 631.7 1114.0h 7. 3. .69h3 2694 .9 7 31:635

3.00 Si.7 .0 011 -3.6 .2 251.1 30.4 1.16 2' 263.:1 '10. t50 I.7I
... 0 1.:40 1',.96 : :19C1.4 4.7 7 .:42 260.6 10.1 1.0249 a 2.4 3.3 270.? k.167

,:: 300. 9 1* 2.43 966.3 13'.09 .42%2 61.4 L0.3 0.2390 26 3.1 %. 290.9 319

""1.0000 "409.0167 2.31, 973ý.2 -33163: .0' 26. 1 9.9 I .9 26. A9. I.
29.00 OC.2t .913 Y73.? -337.06 .. 20 262. 9.:,6726.,G23 .6

A100 :I.3 .60 0 3.4 .376.0 ..3, 6 . . . 6 6 . 9 . . 7
12:0000 9907 .2 1 37. 3632 .3 6 . , 9 23.331 210.1 284.31 .7

3-0.000 6443 3 99 .02. -176.46 143 2A. . .2 9. .7
Lt.000 462.0e .00 . 6 1 33.2 -119.33 .03 26. 6.6 .1 9 29. .276
to. 0000 V730.6 3.407 309.9 -339.30 .362 69. 6.7: S.333 2 90.2 13.13

3 .00 71 .74 . 92 0.1 N.7 .434 26 6.'1 2 4t.) 4.333 1 . 310 4S

?1. 000 11739.3230 3.300 490. 1 14.3?99 .430 266.9 61.9 6.30 2 39.: 03.6

22.000 3409.02i 3.%39 0631. -320.09 .4302 67. 6A. 2 7.043.. 20. 1.73
43.000 3.4 .2 7. 3407 SO3 28.7 6. 4.23 29. .769
Z0.000 "S20.322 307 490 -1.0 .3 266c*1. 4 6 .0 4 1.3,9* 294:.0 3.190
2S.000 99.10 2? 3..0)3 043D.9 -73.07 .033 26C6. 60.0 7.273 294.7 .9

09.00.0 4,0,1!.39 .02 49.4 -32.70 .:430 2642 7.1 9 6 .260 069 3.
00.000 S313166 L.603 09.3. -323.69 .I3 26.I. .2 9. .9

2 GO, ,::ý,,C 0746 * 933.2 5.7223.2S60,

340 2.000 300.00 24. 2 -2.9 .0137411 1 23: .7
35.000 63.610 I0.-SO 2363.9 -113.06 .341 336.3 .93. S.361 29 .6 299 210 20. .3 .

2. 00 .336 31.333 3023. 173 20. 32 39 21. 3. 24. 20. 3.03 .,62

6.000N 01.%9 2302 063 60 29S.0 230 .9 9.14. 1. 1. .33 3.44

NO 80 96.402 31. 23 3909 .0 .1 0.16 .. s 239.3 3..9 .609 20 . . 1 . 195.2 3 .99 ?.46

340.00 92.0 30.122 969?.1.9 .1209Q.113 2849 .0 3 7.39 00 249 29. 6. .0
N730 304.47 952! .971 746.9 31107..0 1 246.2 373 .0 2 .1.0.3 M26. 3.133

34.0N0 3104.764 9.063 939.3 -333.76 241 3. 43 . 269.37. : " 290.0 W.14

39.000 23.206 0f.372 926.1 -333.62 271 IS.3 39.6 3.210 2s. . 2672.2 292.7 3.SO 1.60

2200 2463 .9 31.4 -13.03 2791.1 39.2 3.669 24. 20 6. 29. I.7

,6.000 20.342 0 .9 90.6 37.3 23. 34.2 0.34927 . : 290.101 270 .190!
27000 31563 2 1390.3t 316 6.3 3. .2 23. 29. 3162

29.000 33.0 2.0 11 09. 11:.14 20. 34.3 0.6229.1 9.)0

33.000 3 .0 3 62.1.) 09 . -3 9 3 20 . 303 :239 .3 3 000. 3

3200 3966 263 63* .3.3 20.2 3. 2 3.032 293. 30. 3.6334
33.00 39.7G.91 690 300 26.7 34.2 IN 29. 0 30: . 9 3.639
64.000 006.079 1.2.49 666l. -320.39 26. 3. 9.6 2 93. 0 303. 3 3.636
33.000 1:2.110 2.*63 1669.0 -32.73 201.7 34.0 32 236 33. .2

10.000 030.93 226 663;. 3 330 266.30 34'.0 2.303 293.1 302.30 .2

4.0 16.9 3.14 041.3 .32.0C0, 292.0 33.0 1.1000 29. 303 3.3

07.000 967.173 3.702 60. 6 323.6 29.0 330 .0630.6 3.
149.000 143.7169 3.2 603. -342 29.0 33. 1 3 606. 0.60A
3000 1 2.0 1 3.396 66.3. -320.46 293. 33.21 6.9 2 06.6 31. .,.0

1.6.60 So00 303 9302.4 3022 0 236.3 IS. 3.36 .3 2439 216.6 271.9 .3 3.014

10 270~ .0 kSS - 3,:**0 21,1j1l :10 1.141 S :, :1 9 ..,., 11;0
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PRESSURE PROFILE DATA
SYSTEP LICUID BIPROP;LLANT PC 1000. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC |KCAL/FORM.WT.l
LOX 9C.2 02 1.14 -3.08 65.
RP-1 298 C0H4.913 0.80 -6.92 35.

eULK CENSITY * .992 GM/CC

MIXTURE RATIO * 1.8S7 LB OXIDIZER / LO OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 286.27 EU/IOOGMS

CHAPBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA LOCO 398.1 15e.S 63.10 25.12 14.70 10.00 3.981 1.s81 .631 .2S1 .100 S114.
TEMP. DEG K 3126.8 2614.2 2176.1 1802.1 1463.2 1319.4 1210.9 950.0 781.8 624.4 492.1 381.7 2789.4
ENTHALPY 1-) 23.58 49.77 71.62 89.78 104.76 112.21 1175.0 127.03 131.08 141.51 146.59 110.16 40.88
CP .11S9 .SOS .4924 .4771 .4605 .4493 .4416 .4229 .4056 .3904 .3789 .3706 .109S
IMPUL OFT 110.95 204.43 239.97 261.7S 277.67 28S.11 300.00 311.45 320.29 327.13 332.39 122.69
IMPLL VAC 225.75 250.42 272.41 289.86 298.20 303.49 314.11 322.34 328.71 333.63 337.40 220.89
EPSILON 1.061 1.038 2.903 5.418 7.88S 10.3S6 20.010 30.920 75.341 146.052 282.930 1.000

SHIFTING EXPANSION
PRESSUREt PSIA OCO 398.1 IS1. 63.10 25.12 14.70 10.00 3.981 1.181 .631 .211 .100 SS9.7
TEMP, DEG K 3126.8 2686.6 2272.0 1901.3 1584.0 1423.8 1319.2 1102.9 931.1 616.9 767.6 728.2 2847.1
ENTHALPV 1-) 23.58 0.06 72.13 91.40 107.14 115.06 120.25 131.19 140.36 14S.19 111.18 161.64 40.76
X BAR 4.996 4.96S 4.952 4.949 4.949 4.949 4.949 4.949 4.944 4.892 4.775 4.660 4.974
N 4.996 4.96S 4.952 4.949 4.949 4.949 4.949 4.949 4.944 4.892 4.883 4.892 4.974
CP .6970 .S872 .52S4 .5007 .4941 .49S4 .4981 .1162 .S862 1.2259 4.7218 4.3974 .6222
IMPLL OPT 151.77 206.35 242.89 269.61 282.11 290.00 301.96 318.74 329.2S 338.31 346.51 122.21
IMPLL VAC 227.71 213.49 276.39 294.71 303.70 309.46 321.38 331.23 339.74 347.72 311.02 222.39
EPSILON 1.067 1.663 2.967 5.593 8.213 10.879 21.613 44.039 92.962 208.391 473.150 1.000

COPPOSITION SHIFTING IMOL/ICO GM)
170.89 C .CCO .0000 .OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
142.00 C*H .OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-2.90 C*.*C .0010 .0004 .OCOI .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .000O
67.00 CeH2 .O0CO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-27.70 CeH298 .0CCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
31.94 0*H3 .OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-11.89 C0H4 .OOCO .0000 .OCOO .O000 .0000 .0000 .0000 .0001 .0023 .0283 .0331 .0282 .0000
-26.42 C00 2.1955 2.1701 2.1324 2.07S4 1.9919 1.9281 1.8747 1.7195 1.1328 1.3309 1.0890 .8S12 2.1804
-94.05 C902 .3073 .3334 .3713 .4204 .1119 .S577 .6292 .7842 .9687 1.1446 1.2738 1.3880 .3229
199.00 C2 .OCO .0000 .OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
112.10 C2*H .OCCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
54.19 C2H2 .OCCO .0000 .OC0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
12.S0 C2*H4 .CCCO .0000 .OCO0 .0000 .O00O .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

189.70 C3 .OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
242.30 C4 OOCO .0000 .OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
S2.10 P .0671 .02S3 .0C63 .0010 .000 .OOOO .0000 .0000 .0000 .0000 .0000 .0000 .0379
9.33 H*O .0266 .0067 .OC1O .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0118

.00 12 1.1744 1.2104 1.2948 1.3143 1.3982 1.4620 1.9114 1.6702 1.8483 1.9460 1.9128 1.9572 1.1963
-57.60 H290 1.2232 1.2184 1.1864 1.1302 1.0467 .9830 .9291 .7746 .5922 .4423 .42S9 .4313 1.2236
59.56 C .0009 .0001 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002

.00 02 .OOC4 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001

.00 C/C OOC0 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .1079 .2324 .0000
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99973ff LISUID *I1P6OPOLLA9I PC 1000. PSIA

LOE 9. 62.1 -3.06 0

EPSILON7 PClO P P IE ' 73f ......7 Cff C"'2 I 06' 01.6 4 LV ILVAC I S4A I El I El I EEC Off SEA CFf W

1.000 6 s.1 69 -40.4E .009 122.7 94.2 . 11 23. 1. 2.,2. .3 .4
769E:00 20009., 373 .203.7 20 .4 2 63 2091.2 1.100 1.4544

-304J. 2169 . E A497 2549.2 23.0 3.71$ 274.4 1El.36 2910.11 292.3 I.02 3.400

.92 k 274 .3 .4 7. 2:29 93.4 9.? l
3330.0 -332.46 .49 26. 04 . 263.9 ?46.1 298.0 .E

-314.11 .944 161 1.4 264.4 298.1

3168.0 -1IE.06 4.4401 264.7 17.9 3.992 323.3 349.4 3.70
3309.4 _139:46 1 7 266 3. .3 0. 0. .2

39'.,000 3 100.0 -333.90 .433 292.3 14.2 N 's0 2'4.4 3061.3 3.74
39. 00 J 3070.3 to 322. 9 .433 294.0 19.6 2l.417 1"a.2 209.6 3.714!

"34.00 30363361492993. .6 300.9 330.6 3.70
3200 A.4 44 303.-247 .427 290.7 39.'3.*2 304.0 333.7 3.740

36.000 214.500 4.077 3034.4 -325.:% .441 297.9 34.7 9 1.23 0. 3..4
3'00 234.772 *.?Sq 994.7 -34.33 .94 29. 0 344 330I?. 3. .

ý.2'.00 203.030 :.111 96. -327.03 423 300.0 34.3 3.043 304.3 339.3 3.7743
23.00 23.0 I .0 4. 3 -32.6 .a 30. 33. 373 10. 31. 1.777

"2.000 30797 .2793.2-266 "49 30.7 33.4 4.3341 )09.036. 1..

* 29.~~4000" 32.3 '302 93. 39.3 .3 303.4 33.3 0.304 30.2 31.4 1.4

26.000 317.113 2.79 399. -30431 13 309.9 32. 9.8 309.4 337.6 3.793
23.000 336.360 2.170 667.6 -37.9 .3 300.4 12.0 9.870 39. 363 374

600 46.90 2.47 67.3 -,;1:'3.3 .41" 30.2 3.4 0.9 309.9 31. t.9"2900 2.23 2.3 644.9 ;.373:7 .433 304..6 12.2 9.214300 33. .
30.000 449.9!4 2.22 30. S .31 12.17 .432 307.4 32.0 0..436 33.2 33.4 3 10

23.000 470.646S 2.2 647.6 -372.09 .433 307.9 33. 9.9030.2 339.64 .0
3200 43.0 . 3083.6 -372.92 .430 306..4 1 I 19? " 0.77)3. 320.2 360

13.000SS 03.1 .9 30.3 -3132 .40 389 3.4 0.9..30. 320.0 3.630

J5E.000 093.273 : .30 8133.8 :131.94. .90. 299 31. 3 4t. 27 330 .0s 32. 3.633

34. 000 073.132 1.?.3 800.3 -314.24 .406 330.3 31. 4.3110.0 2.5.3
13.000 044.3(2 3.383 79. 3'4.4 0 3. 13.3 4.06 13. 383
36.000 634.252 3.626 9. 0 m 79, 8 .4046 333.3, 33.0 4.7036 322.3ý 3.338

3900 40. 1 3.4 764.6 -3:0.33 .40 13. 30.9 10.3329 380

43.000 033.2-7 I.... 773.3 -310.47 .400 332.3 30.7 7.26 1 32. 3.3
9200 (7431543 6.0 -379.942 .404 33.3 30.6 7.460 32. 3.62

44.000 7.7.236 3.2 72 .9 S 379.4 .403 ý3333 0 .4 7.80 323.1362
49.000 132.9.,0 3.076 7;.?: -316:.4 .907 333.4 30.3 6.090 323.9 3.2

4 ?0 l 6 I.3 3.23 74. -346 .60 33.t92 624o2. .3
41.006333 320740-1.9.0 33. 30.3 6.032. 383

46.000 400.003 3.364 730.7 -377.3 .400 334.9 30.0 81.039 329.4 13832'
49.00 63499 3.30 72.4 3'I 0 .40 33. 30. 80 3214.8 3.834

Z:00.000 930,.94*0 3.96 70.0 377?.73 .3,99 339.3 9.:9 6:0.99 320.0 3.630S
"7.4 03.004 34.394 3339..4 -33.23 ...0 277.7 20.0 1.39? 27?.? 263.9 290.8 208.2 3.0646 3.063

26. 20. 3.9 24. 30. 90.3.2

t3.000 !24.310 559011 32416.0 32.33" 299.4 36.3 214 30811 : 1 .6 330. 1311741 9 1

30.000 334 !.03 6. 2 3.130 4 2 8 0 1 . 2.7 4 . 330.2 ?6 330 . 3, .763
34.000 37.1 .7 334 .2.7 299.0 37.0 5,1. 2.86 3 .6 33 .0 c 3.749
A7.000 335.2;7 0.434 3172.9 -327.43 32. 4 7 11 3.060 332. 3 333. 0 3.779 Sr
36.000 399092 3.02 3109.61 -349 332. 34. 3 T23 332. 9 336. 3,.760

20.000 227.737 4.390 1329.2 -110.04 304.2 39.6 3.42S 334? 4.? .0 32. 378

23.000 273.29 I.4 3 .04 36.2.37.0 307.2 .1 .4. 3 ; 4.13 26. 330.3 322.3 1 .80

29.000 304.320 2.2w 304.7 -37320. 306.6 34..7 .9.03306 32..024.000 323.903 A.8 3003. -3 .7 30292. 6 .34 . S4 0,739 33.3 32.1' .

26..600 30 6.3 2.790 :0 3034.2' :374.73 333. 3. 0.0033.0 320.2 3.836
29.0003098 230 109. -370.2 333.4 34.3 0.9333.7 329.7 3.6201
30.000 34, 2.62 3070-704v3.2 39.90.483 334.6 324.2 3.2
32.000 92.3 2.334 3003.4 -3279.47 313. 30. 9.)12.3 327.3 3.826,

37.000 914.631 .3.094 ?%2 908. 0 -37 .2 33. 33.3 4747 317.9 329.0 .3

I0. 000 04.3 3.6 930 -379.23 33.2 32.6.24 337.4 33. 3.649
93.003 281.163 3.796 9408.8? -139.02 317.4 2 . 7.0 33)1. 33.3 3 .844
42.000 1 :90833 3.124 94. -37 .63 336. 32. 7I 4 3.43.000 43.7 3.2 99. -300,3. 24 .0 3. .0

440027.33 396 93 3 : N34.3 3 16.7 3. 1 .673iz. 323.2 3.803
29.000 4439.060 3.039 9243.9 -390.43 3394.3 32.4 : 8.04 333.9 .9
47.000 46.Li 7 .9 10432 3.0 -341.3 398 3. .0 16 33. 360

46.00 6 70. 23 .703 9034.0 .134.7's3 320.30 12.2 5.447. 332. 1.417

00.000 N9.6 1.3 0. 318 2. 32. 9.0. 2. ."6.232 3.094.. 14.9 343. -304 .9 26 .3 3.4 3.44 262.: 6. 0. 0. .7 .
12:000 420.13 Z.334 IOCI'4 :'1??::0"... . .:;* 'N 4, I '3I 4.4 .4 1: 1. :03

I..04322 N.:1, " ,:",:;. 1
I' 0 1.t .a 80% - 1. 1.
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PRESSURE PROFILE DATA
SYSTEM LICUID BIPROP LLANT PC 1000. PSIA 1
COMPOKENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DIG K GM/CC |KCAL/FORM.WT.)
LOX 90.2 02 1.14 -3.0 668.
RP-1 296 COHI.953 0,80 -6.92 32.

IULK DENSITY * 1.004 GM/CC

MIXTURE RATIO .2.125 LB OXIDIZER I LB OF FUEL

PRESSURE PROFILE DATA

CHAMBER ENTROPY 279.74 IU/OOGMS [
CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA LOCO 398.1 151.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 S55.1
TEMP, DEG K 3440.0 2900.8 2437.0 2C39.8 1697.7 1521.3 1404.0 1151.9 936.8 754.9 602.8 477.2 3088.1
ENTHALPY 4-I 22.39 49.30 71.96 90.97 106.83 114.79 119.99 130.83 139.69 146.87 152.62 IS7.20 40.01
cP .5035 .4942 .4836 .4711 .4559 .446S .4391 .4208 .4025 .3957 .3708 .3590 .4979
IMPUL OPT 153.03 207.67 244.26 271.04 263.53 291.39 307.15 319.46 329.08 336.60 342.47 123.82
IMPUL VAC 229.20 254.04 277.81 296.21 305.09 310.75 322.22 331.24 338.30 343.79 346.07 224.04
EPSILON 1.064 1.654 2.956 5.570 6.156 10.763 21.042 41.332 81.209 159.246 311.262 1.000

SHIFTING EXPANSION
PRESSURE, PSIA loco 398.1 15e.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 568.3
TEMP, DEG K 3440.0 3054.3 266e.3 2289.0 1938.8 1755.1 1633.1 1374.4 i159.8 984.8 843.6 737.8 3202.9
ENTNALPV 1-) 22.39 49.81 73.72 94.28 111.78 120.67 126.53 136.96 149.42 156.28 165.82 172.33 39.6S
X BAR 4.648 4.584 4.546 4.530 4.526 4.525 4.S25 4.52S 4.525 4.525 4.524 4.503 4.606
N 4.646 4,5:4 4.546 4.530 4.S26 4.525 4.52S 4.525 4,525 4;52S 4.;24 4.503 4.606
CP .95C3 .7569 .6C71 .5227 .49t .4619 .4600 .4620 .4952 .5191 .5596 .6624 .6309
1MPUL OPT 154.47 211.31 250.10 278.66 292.41 301.00 318.45 332.44 343.83 353.25 361.17 122.55
IMPUL VAC 232.83 260.94 285.94 306.07 315.89 322.23 335.33 346.08 315.03 362.59 369.13 226.62
EPSILON 1.075 1.710 3.102 5.913 0.724 11.588 23.156 47.014 96.95S 203.027 434.219 1.000

COPPOSITION SHIFTING |OHL/IO0 G)O
170.89 C .0o0c .0000 OCOO.0000 .0000 .0000 .0000 .0000 .0000 .0000
142.00 c*H .0oCa .0000 :0000 .0 0 000.0000 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-2.90 ¢om*C .0010 .0004 .OCO2 .0000 .00c0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0006
67.00 CoH2 .00CC .0000 .C000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-27.70 C*H2*0 .00C0 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
31.94 C.H3 .coca .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-17.89 CeH4 .coCa .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0005 .0108 .0000
-26.42 C.0 1.8451 1.6129 1.7E14 1.7418 1.6848 1.6413 1.6043 1.4944 1.3514 1.1777 .9836 .7085 1.6249
-94.05 C.02 .4431 .4759 .SC77 .5473 .6044 .6460 .6849 .7948 .9378 1.1115 1.3051 1.4899 .4637
199.00 C2 .00CC .OCOO .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 c00a .0000 .0000
112.10 C2eH .00Coc .0000 .C000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
54.19 C2*H2 c0oCa .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
12.SO C24H4 .00CC .0000 .C000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

189.70 C3 cc .0000 .0O0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 c.0oc .0000 .0000
242.30 C4 .00Cc .0000 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
S2.10 1 .1146 .0658 .0207 .0065 .0016 .0005 .0002 .0000 .0000 .0000 .0000 .0000 .0837
9.33 Noe .1Q1S .0456 .0137 .0024 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0646
.00 N2 .7334 .7463 .7755 .8189 .8783 .9223 .959S 1.0694 1.2124 1.3860 1.5763 1.7323 .7394

-57.60 h12g 1.3934 1.4332 1.4386 1.4110 1.3562 1.3128 1.2758 1.1660 1.0230 .8493 .6562 .4616 1.4216
59.56 0 .0091 .0024 .0003 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0043

.00 02 .0068 .0018 .OC02 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0033
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61

SYSTEP(3301 I SEPE AR0 IC OE.1V01 1 38

050a COO os,c 3V 05C0L/E8587.

10 .00s .1 - 0. 30 2 3.3 -3.08 18.1 t.4

23.oa288.0 - 79.38 .04149 2123.8 00: :o 2, 1 99.4 6 6. 144 .
.00 1.1 611,2030. A0.1 .47 21.0 , ,o M 2"12.8 1 1 1:4
4 0 s44 J.*,1847:.0 q :CI.3 .040 3. 3 20.0 1 . 13 274.3 27.1 28. 0 . 1. 913.7
3.000 1.1 241 3733%.0 -330.00 .039 , 14. 24. 92 300 l 29. 393.. 3.337 3.43.

0430 3435154 .9 7. 20.4 .01'2 253.12 28:4. 294.2 398.3 3.456 3.437
33019.7M -333.72 .030 278.8 22.9 3.244 283.1 285.7 299.3 303.7 3.3743.7
3329",:.5 -33., 447 .0 25.9 23.7 1.340 283.3 389.9 202.2 34. 1.574 .93
39 0 1.. t.q 438.4 334.4 .04 284. 207 .43 4.3 30... 307. 3.70

0*co 0.044 11.33 0 98. :158 0 304 39.9 3.03 2 0, 30.2 309.3 1.1719
3300 31.2 .9 393 -2.8 .3 92.0 39.2 3.980 307.8 93.2 3.3

ia Cooo I~ 0jj .; j' jj 1 'J JII If: f: N'0~ j3't;20.9. 21
2.0 300 .20 2.39 3080.4 -373.53 .32 33.0, 39.90.70 3. 2..0

27.000 3 A.0 .5 052 -7.3 .3 3. 33. I.3 337.4 2.5 3.53
$9.co00 334.7 39 2.9201 303.2 -373.25 .432 333. 1. 1 33 . "42733 32. 92.5 3.

30.30 300 0 2.0 00. 337 .3 3. 3. .0 337.9 321.2 3.539
33.000 "7.92 3.29 3020.3 37.3 .030 , 930. 33.3, 34 33. 93. 3.2

*3.000 247.29 233 2 3.0001a4.4 -334.93 . 009 33.7 32.5 ).:T0 33.3 30.9 3.2
23.000 )09.172 2.333 99. -373 45 382 3. .234.2 32.9 3.526

3.000 370.470 3.58 7. 9 TIN 0 .304i 33. 32. 4I7 I338. I ,3 32. 3.532
37.000 309.470 3.591 9092.7 -375.37 .003 3107.4 32.134.703 338.0 339.9 1.

29.000 35.33 3.729 9100.0 -3279.0 .00 335.3 33010'33. 3

0300 0.35 309902-7.58 .43 339..7 3.7 7134 13. 3.802
03.00co !O:N 037.4 , :.038 923. -30!'1 a' .1 l., 1.0.34 Ill.2 320.3 339 774 3. .500
34.00 49.2 0 954-0.3000" 320.3 3.3.918 332S.06 .3
,3.000 732.973, A3.003 932.2 -300.ý45: .000 3 20. 33.0 S.17.322 3.0

04.000 7 I'l33 3. 4 903. -390.9 .000:1 34 2 3. 3 3.3 8 331: 332. 3.54 8

08. 000 753.303 3.259 0 259 .8 -303.02 .3 9 32 .5 .3 .2 8.72.3 2..350

09.000 I(.5 3.I 888.0 -30.4 .398 322.3 31.3 6.23,93.1383
30.:000 82.7 6.0 85. 1335 1 . 39 32. 33.0 .304 733. 3!533

3'. 357.6573 .G 8 .7.893383

CE00 abO1 ::o 33833000 4ý ' 5 IT. L:O t 300 33000 9~

31.000 3.50 34.25 3M20. 79. '43 1 113 1 322.3 30 .3*35 23. 9 2. 2. 2. .3 .2
42.000 5. 373e L.14. 93230 .4 - 719.986 137 12 . 44. 139 2 29 2 04 3 7. 4 . . . 4

3.000 19.093 43..0 92305. -93.321 .329. 249.3 34. 3 m33 27. 7. 5 .8 8.5 .3 3

.!:000 2ý:31.43 421.3920 3. -303.48 .300 242.7 33.9 742803. 4 5. 9. 9. . .0

333. 5 A . 3 33 4. 37 .4 309.7 39.0 2.943 32 . N3 8 7

39..A00 303.S34 3.30 30.01 373.4 33. 38. 3.32 32. 331*31.9 3.6,12

33000 2323" 3.91 47. 7.3 3. 7. .7 30033. .222000 273.97 0.230 333. -375.3 33.3 31.2 0.047 32.4334.3 323.300 39.3096 3.4: 2.33 3374.7 -5.8 3:W 039.3 34.9 14. 1210 . 3280.0 C 333.2 3.800

24.000 !0.97 3.790 ,:* 3334.0 300.5 32 .0 34 ..3 ...50 311' 29. 3. 384

27.000 33.91 3283235 -0.0 323.8 3 .3 9.00 32.. 9.0 23. 327.9 .1 1.84312.000 324.49 1 . 3.04 332.21 -383.9 323.3 33.9 97? 4.39 329. 4 33.3 3.4

20.3030 335.929 .754 329. -30.98.02 333.0 39.9.0.393 330.0 2393 .541
23.0000 37337 649 4 32 0. -38 .3 31: 1 1 2 31.4 33.0 3.784 330.2a 3 00. 3.501 1 7

3300 03783 20% 13.2-044 2.9 0.0432 "9. 73 308.9 303.0 3.842 .9
30.000 023.330 k$2.3 3232.2 -304.58 32942.3 2 33.0 6 4 43 . 330.4 343.3 3.51:,44

53,00 39.333 2.27 320.3 -93.3 33.0 34.69 4'33 33.7 4.0 .4

37.800 433.394 2.10. 3227.2 -349.31 325.34.4 0.90 , 3310.9 303.7 12. .573
35.000 89..39 92.304 3239.3 -304.48 328.4 34.3 1.30" 333. 303:3 3.7
U9.008 1C.3 3.7 3333. -19.53 329.3 34.4 7.280 33.8 30. 303

0080 M2.A73 3.93 323.7 -38.2 3933.73331.3 393.8 3.I
3. 000 337.039 3.5 43 39.7 -3710 330. 341.2 76.42 333.2 300.2 3879l

42 .000 993.263 3.807 3390.9 -3!07.5 330.0 s 30.3377? 321.2 344.9 3.553
41.8000 355.9923.73 3150..344 -308.21 33. 34.2S9 1.3 300.9 3.853

0400 15.3 3.1 3377. 31.3 33. 39 5 0 333.3 303.2 3.883
44.0080 433.480 3.323 1343.7 -309.3 333.1 1 3.7 1 3.433 343.5: .8807.0043.75 .235 119. -394 M3. 13. 8.40 344A .3 .

30.000 489.9043 49 3431. 2 -330!:.20 333.3 11.0 9.2397 3 04. 9 3. 13.593

2,:000 2 5.944 310.09 3739.3 -3204 7 2 2 200..3 3. * 24 299.9 3. 333.9 1.997 4.72II :
31:I1 1.I0. '1 :C1I.: 1 o.O
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PRESSURE PROFILE DATA

SYSTEM LIGUID BIPROPELLANI PC 1000. PSIA
COMPOhENT TREF FORMULA DENSITY HEAT FORM WT. 0/0

DIG K GM/CC IKCAL/FORM.WT.)
LOX 9C.2 02 1.14 -3.08 7C.
RP-1 29; C-HI.9S3 0.80 -6.92 JC.

FULK CENSITY - 1.011 GM/CC
MIXTURE RATIO - 2.333 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CPAMBER ENTROPY 274.68 EU/1OOGMS /

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PFiA loCo 398.1 15e.S 63.10 2S.12 1 4.70 10.00 3.981 1.585 .631 .251 .100 561.8
TEMP. DEG K 3577.6 3029.7 2557.7 2151.0 1800.3 1618.9 1497.9 1237.5 1013.9 623.3 662.3 528.1 3225.1
ENTNALPV I-I 21.59 48.42 71.12 90.23 1C6.28 114.38 119.68 130.78 139.92 147.38 153.41 158.24 38.91
CP .4938 .4855 .4758 .4641 .45C5 .4415 .4349 .4174 .3998 .3824 .3664 .3534 .4886
IMPUL OPT 152.79 207.57 244.37 271.44 284.11 292.12 308.21 320.85 330.80 338.64 344.78 122.7S
IMPUL VAC 229.02 254.95 278.21 296.94 306.02 311.83 323.65 333.00 340.37 346.16 350.67 223.?6 -.
EPSILON 1.065 1.662 2.983 5.646 8.291 10.965 21.566 42.635 84.344 166.499 32?.543 1.000

SHIFTING EXPANSION

PRESSURE, PSIA LOCO 398.1 156.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 572.4
TEMP, DEG K 3577.6 3238.7 2905.3 2561.0 2212.7 2018.6 1886.6 1599.9 1355.6 1151.3 903.2 846.0 3370.5
ENINALPY I-1 21.59 49.05 73.40 94.82 113.40 122.96 129.30 t42.80 154.25 163.96 172.22 179.31 38.61 -.
X BAR 4.441 4.363 4.300 4.262 4.247 4.244 4.243 4.242 4.242 4.242 4.242 4.242 4.394
N 4.447 4.363 4.300 4.262 4.247 4.244 4.243 4.242 4.242 4.242 4.242 4.242 4.394
CP 1.22C0 1.0183 .765 .6054 .5117 .4872 .4774 .4688 .4702 .4818 .5032 .5308 1.1051
IMPUL OPT 154.58 212.32 252.41 282.61 296.9? 306.11 324.73 339.72 351.93 362.00 370.41 121.70
IMPUL VAC 233.61 263.19 269.80 311.36 321.91 328.71 342.80 354.35 363.93. 371.96 378.79 226.91
EPSILON 1.080 1.746 3.224 6.226 9.232 12.299 24.691 50.230 103.442 215,724 455.661 1.000

COMPOSITION SHIFTING IMOL/IO0 GM)
170.89 C .CC .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
142.00 CON .O00O .OCOO .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .OOCO .0000 .0000
-2.90 C*HoC .OOC9 .OCO4 .OCO2 .0001 .0000 .0000 .0000 .0000 .0000 .0000 OOCO .0000 .000S
67.00 C*H2 .OCCo .0000 .OCOO .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-27.70 COH240 .OCCO .0000 ,OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
31.94 C*H3 .00OC .OCOO ,OCOO 0OOCO .0000 .0000 .0000 .0000 .0000 .0000 .OOCO .0000 .0000

-L7.89 CNH4 .OcCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .OOCO .0000 .0000
-26.42 CeO I.s9se 1.5498 1.SC78 1.4?22 1.4322 1.402S 1.3769 1.2998 1.1965 1.0634 .9029 .7234 1.5686
-94.05 CD2 .5455 .5960 .6382 .6739 .7139 .7436 .7692, .8463 .9497 1.0827 1.2432 1.4227 .5770
199.00 C2 .OOC0 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
L12.10 C2*H .0OCC .0000 .OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
54.19 C2*h2 .OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
12.SO C2sH4 C0OC0 .0000 *OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

189.70 C3 .00r0 .0000 *OCOO .0000 CO000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
242.30 C4 ,OOCO '0000 0OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 H ,12e3 .0887 .0927 .0238 .0072 .0030 .0014 .0002 .0000 .0000 .0000 .0000 .1040
9.33 H*C .1703 .1070 .003 .0157 .0028 .0008 .0003 .0000 .0000 .0000 .0000 .0000 .1338

.00 ?2 .5166 .5081 .5143 .5381 .5786 .6094 .6355 .7?30 .8165 .9496 1.1101 1.2895 .5100
-57.80 H200 1.4253 1.4895 1.5298 1.5378 1.5121 1.4844 1.4594 1.3826 1.2792 1.1461 .9656 .8062 1.4665
59.S6 0 .0251 .o01o .0C31 .0004 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 0157

.00 02 .0273 .0127 O0C38 .OOO5 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0179
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PRESSURE PkOFIL 1CATA 1
SYSTEM LICUID |IP8OP LLANT PC 10CC. PS1A PE 0.1 PSIA
COMPONENT TREF FORMULA DENSITY 0L40 F(A(.' WT. 0/0

LEG K GM/CC IKLAI/ICRM.hI.)
LCX 90.2 02 1e11 -3.08 12.5
RP-) 29; C-H1.93 0'.8C -6.92 21.t

LULK DENSITY - 1.021 Gh/CC
FIXTUME RAIZO - 2.636 Lh OXIDIZER / LE OF FLCL

PRESSUkE PkOFILE rATA /

CHAM8Ek ENTROPY 261.f3 EU/IOCGMS
CI-AbER If-,OAT

FROZEN LXPANSICN

PRESSLRE. PSIA ICoc 39b..I 15b.5 61.10 25.12 I1 .10 1O.CO 3.9k) 1.lie .6 1 •11 IGO I 10 59.4
TEMPI DEG K !668.8 5)1114.7 261.3.3 22W2.1 1177.6 1693.!1 ISC.6 I 3C5.i 3 106.S 1113.2 113.1 aI12.? i3)2.!5
ENTHALPY (-1 20.59 46.l 69.0b 117.91 103.o9 ll1.8h 117.11 128.22 131(. 2 11.l91 I1,1.13 156.09 .AT.6k
OP .48.04 .4.126 .4.646 .4.530 .44109 *.4325 ..264. *.4102 .3931,.* 3763 . 360A . 34 3 .65 1.51
IMPUL OPT 151.03 2C5.38 242.0C 269.C4 d8)I.1 289.1M 3C6.00 316.b0 11.95 36.99 343.53 121.1,2
IPPUL VAC 226.55 252.45 215.1r4 294.56 30A.12 !09.6C 321.60 33l. 1 33id. 14 314.1.1 319.43 221.24.
EPSILON I.066 1.669 3.006 5.711 8.108 11.1l12 d2.OzS 4.?.4 al.119 113.214 342.010 I.OOu

SHIFTIN6 EXPANSION
PRESSURE. PSIA ]COO 39e.1 13d.5 63.10 25.12 I1.1O I0.00 5.9t1 I.58l .631 .251 .100 51S.u
TEOP, CEG K 366e.8 3369.0 0C95.2 2131.8 2551.9 2586.1 225H.1 1953.1 I61i.3 11.29.) 1220.6 1045.4 348b.1
EITHALPY 1-) 20.59 .7.50 11.68 93.,4 112.92 123.21 130.11 1.5.11 l5•.Gb6 169.IU0 I1i8.• 186.b. 37.O1
X eAR 4.23C 4.131 1.C1. 3.9hi 3.921. 3.906 3.k98d i.m90 3.8b9 .•5.•8 . 5.i. 1.3.888 4.T1
N 4.230 4.133 4.04.7 3.975 3.924 S.906 3.89d 3.b90 5.819 3.68R 3.88m 3.8o8 1.171
CP 1.5468 1.4554 1.2?61 1.0110 .7256 .6011 .5416 .4.15 .4542 .. 5JI .4.51,5 .4660 1.502U
IPPUL OPT 153.00 210.H1 251.11 284.42 298.63 308.15 329.21 313.d2 359.41 370.62 319.95 119.1-
IIPUL VAC 231.6m 262.19 290.40 314.0. 3•25.79 !54.40 J49.16 362.09 372.18 3e1.69 369.20 228.69
EPSILON i.0E6 1.1.8 3.361 6.6t6 10.066 13.52i2 21.495 56.29d 116.203 21l.76C 507.150 1.000

COMPOSITION SHIFTING. I(OL/IOU OI.)
170.89 C .0000 .0000 .0.00 .0000 .00oc .0000 .0000 .D00U .OOCU OOUO . 0 .0U .0000 .COCU
112.0C C0- .0CCO .Coco .OOO .0000 .0000 .0000 .0000 .O0CO .COCO .0000 .0C0O .0000 .0000
-2.9C C .0 .CCO6 .CCC3 .COlI .0000 .0000 .OOCO .0000 .OULU . .0000 .00 .COO0 .00CCO .0001
67.0C C0.12 .CCO .OCCC .OCO0 .0000 .OCO .0000 .00O .00oju .0"0 .0000 .0000 .0000 .O00u

-27.10 C0.12.0 .0000 .0000 .0000 .0000 .OOUO .0000 .0000 .0000 .0000 .0000 .OOGO .OnUO .OOOU
31.91 Cot-! .CCOO .OC0 .0000 .0000 .0000 .0000 .OCO0 .O0UO .0000 .0000 .0000 .0000 .0000

-17.89 C*1 .COOO .CCOC .0000 .0000 .0000 .COCO .0000 .CUCO .0OCO .0000 .OOCO .0000 .0000
-26.42 C0. 1.3022 1.220C 1.1512 1.0941 1.0166 1.0250 1.010( .91 .0190 YY .459 .11.86 .6295 1.2575
-94.05 C*C2 .6645 .1591 .100 .8725 .92C7 .9423 .9561 .9gbI I.Okb. 1.1214 1.2177 1.5330 .7094
199.00 C2 .COC .0000 000 .0000 .0000 .0000 O000 .00O .0000 .00,0 .0000 .0000 .OOO0
112.1C C2"1 .CCOC OCCC .COOO .0000 .0000 .OGGO .OCCO .COCO .0000 .0000 .OOO .0000 .OOL
Si.19 C2.02 .COO0 .C0CO .0000 .0000 .0000 .0000 .OOu .0000 .0000 .0000 OOUO .0000 .0000
12.5C C2.H1 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .OOV)O .0000 .0000 .00UO .0000 .0000

ie9.?C c3 .Coo0 .000c .0000 .0000 .0000 .0000 .0000 OOO .0000 .0000 .OOC .C0000 .0000
212.3C C0 ,COO .CCO .0000 .0000 .0OOG .0000 .0000 .0000 .OCCO .0000 .OOCO .OOCO .OOOU
52.10 1-' .12)e .0941 .0691 .0469 .0265 0161 , 0104 .0026 .0001 ..0000 0000 .0000 .101.
9.33 hoc .2691 .1911 .1336 .071`. .0331 .0)60 .0 bOHS 0011 .0001 .0000 .0000 .0000 .2256

.OC t-2 .3329 .3112 .2949 .2869 .2916 .3023 .313t .551. .4052 .1T85 .5714 .6951 .3194
-57.8C 12.p 1.3924 10.638 1.5246 1.5720 1.5997 1.6021 1.59d2 1.5618 1.b5)56 1.4425 1.3Ib2 1.2259 1.4163 .

59.56 a .C551 .03.1 .0186 CC07? .0019 .0006 .0002 .OU0 .U000 .0000 .0000 .0000 .0122
.00 02 .0913 .0644 .0386 .01?2 .0041 .0012 .0001 .OG0 .0000 .0000 .0000 .0000 .052
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PRESSURE PROFILE DATA
SYSTEM LICUID S1PROPELLANT PC 1000. PSIA
COMPOhENT TRIF FORMLLA DENSITY HEAT FORM WT. 0/0

DEC K GO/CC IKCAL/FORM.WT.I
LOX 9C.2 02 1.14 -3.00 75.
R P-I 298 C-H1.9S3 0.00 -6.92 25.

EULK CENSITY * 1.031 GM/CC
PIXTURE RATIO * 3.000 L6 OXIDIZER I LB OF FUEL

PRESSURE PROFILE DATA

Cl-AMBER ENTROPY 260.23 EU/100GMS

CHAMBER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 10CC 398.1 15e.5 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 960.2
TEMPt DEG K 3694.3 3140.2 2675.5 2266.2 1911.6 1727.S 1604.5 1338.5 1100.6 910.8 741.7 598.6 3341.7
ENTHALPY I-) 19.59 44.05 66.3S 14.S9 100.01 107.84 112.99 123.85 132.88 140.33 146.42 151.37 35.95
CP .4660 .4587 .4502 .4403 .4288 .4213 .41SS .4006 .3845 .3680 .3526 .3382 .4617
IPPUL OFT 148.24 201.68 237.78 264.50 277.07 25.04 301.16 313.93 324.09 332.17 338.58 119.30
IMPLL ViC 222.44 240.03 271.08 289.75 290.86 304.11 316.69 326.27 333.91 339.97 344.76 217.16
EPSILON 1.067 1.e74 3.021 S.754 8.485 11.2S8 22.328 44.562 89.078 177.780 3S3.602 1.000

SHIFTING EXPANSION
PRESSURE, PSIA loCo 398.1 ISE.s 63.10 25.12 14.70 10.00 3.981 1.585 .631 .251 .100 577.0
TEMPO DEG K 3694.3 3411.8 3162.4 2938.3 2731.9 2616.4 2S34.0 2329-0 2091.3 1826.5 1576.2 1354.9 3521.0
ENTHALPY I-) 19.S9 45.52 68.96 90.21 109.S 120.01 127.17 143.20 157.61 170.30 181.29 190.76 3S.40
X BAR 4.041 3.943 3.SI 3.767 3.691 3.651 3.625 3.S73 3.544 3.536 3.535 3.535 3.901
N 4.041 3.943 3.151 3.767 3.691 3.651 3.625 3.573 3.S44 3.536 3.535 3.535 3.901
CP 1.71C8 1.7240 1.60OO 1.5998 1.4300 1.3018 1.1830 .8389 .5S02 .4S37 .4320 .4253 1.7239
IMPLL OPT 150.17 '07.23 247.86 279.74 29S.S6 305.93 327.91 346.51 362.09 375.06 385.08 117.27
IPPLL VAC 227.61 2S8.03 206.46 310.90 323.S0 331.88 349.85 365.00 377.51 387.91 396.61 220.62
EPSILON 1.086 1.790 3.416 6.926 10.615 14.492 30.769 65.143 136.457 285.461 599.083 1.000

COMPOSITION SHIFIING IMOL/IOO GM)
170.89 C .OCCO .0000 .OCoo .0000 .COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
142.00 C.H ,OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-2.90 Coh.C .0OC4 .0C02 .OCOI .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0003
67.00 C-H2 .OCcO .OCOO .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-27.70 CoM200 .OCCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
31.94 C*H3 .0OCO .0000 OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-1T.89 C.H4 .00COC .0000 .Ooo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-26.42 C.O 1.02S4 .9420 .8139 .7671 .6839 .6386 .6082 .S469 *SOBS .4836 .4522 .4081 .9773
-94.05 C#02 .7587 .8463 .934S 1.0214 1.104S 1.1499 1.1802 1.2415 1.2797 1.3048 1.3363 1.3004 .8109
199.00 C2 0OOCO .0000 ,OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
112.10 C2*H OOCO .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
54.19 C2.92 .COCO .0000 .OCOO .0000 .00COC .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
12.50 C2.H4 .OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

109.70 C3 .OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
242.30 C4 .CCO .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 h .1012 .0807 .063L .0482 .03S4 .0287 .0243 .0144 .0061 .0016 .0003 .0000 .0815
9.33 l-*O .3285 .2610 .2C23 .1500 .1044 .0807 .0649 .0318 .0091 .0012 .0001 .0000 .2878

.00 1,2 .2169 .19S1 .17S2 .1577 .142? .1354 .1311 .1256 .1318 .1521 .1836 .2277 .2036
-57.80 h290 1.3145 1.3800 1.4!84 1.4896 1.5339 1.5563 1.S707 1.5977 1.6070 1.S930 1.5627 1.5107 1.354S
59.56 0 .0861 .0621 .0427 .0275 .0159 .0107 .0076 .0024 .0003 .0000 .0000 .0000 .0712

.00 02 .2057 .1745 .1406 .1053 .0702 .0508 .0378 .0128 .0015 .0000 .0000 .0000 .1074

-2356-
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"1I'll ILICUID *3000003LL447 PC 301000. MAN,.COooooo IT 33no, P00 . 0ALI7 A90 IS;" 17 076

text 90.2 02 . ... -2!1.0 . 0

A92. -4.9 .33 299 .70 -.09 273.

3704.2 -3064.73 .4N a 1. a 2. 3. 114a d.00 2 70 2 0. 3.0

I1:~000 39.3 930 '3077.6 24011 . NA4 234.7 :1" 11'00 202.0 009.9' 1:
1000 0.27 3773490 -3.0 .3 M6., 201.0 3.7S"469 . 26S.1 790.30 200.0 IO 1.730

3300 9..... 3. 71 34.4. 2 -3. .0 . 1 5C. 00 2 .79.4 3. .2 204. 78 7.9 00. 10.52 1.702

39.000 204'. 4 .190:N 3097. -323.43 .414 297.7 3 ? 14.0 35 6 0N6. 4 7390'A.3 IN"' 793
20.000 5.23.0 9.709 1376.5 -322.2* .400 290.1 234. 0.022 30.026 .9 3324 . 330

23.00 232.40 4'.25 330. -321 .40 299.9 30.9 347094 30.7 3.071
72.00 1924443 4t.7 155 304. -110.:4 .403 0001.9 3. 0.49 00. 04. 333

11.000 .70.003 .94 32. 0 -:1 3 240 .099 00. 3.2 4.12' 030.4 337.9 3.051
2000 4.6* 3.94320. -2 .45 2 .39 30.5 34.? 4.40 13:307.9 03. 1.600

24.00 03.35 0.13 360 -370.95 .01130 .2 34.0 24.0 '0132 09. .2

16. 000 0 .40.0 .12.9 3420.0 -327.0 .3 9 300 .7 " 4.4 T 0.94 0233.4 31120. 3.3
29. 000 "0230 1. 27. 374 .40* 004.4 31 .30 3 33.0 0204 3.3I

3200 4 .2 4 7.3 32 4. -3216.7 ..9 2 " .306 .2 11 30. .0 12.7 1 2. M IN4
10.000 23.73 q 74..3 3204.2 -329.37 .404 92 0.0 30.4 N.3 0M . 074 3.3*0,

21.00 *9.40 2.524 L3194.4 -32.w .9 0. 39 4.0 3. 2. .4"20.0000 40..4... 2.M* 3365.0 -129.92 . T90 30. 30097 3.0 323. It6034:0000 4,6 1.34 1.044 L175.9 -130.20 .00 0300.0 30.2 4.840024 039 3 .900102
1::, 0.50 35 3 34. -30.4 .09 500 30.3 4.50 03.a 2. .0

34.000 93.3 1.4 390.0 -37.2 3 06 333. 12.0 4 6.9 ,037.0 2. .

*3.00 07.40 .70 30.9 -373.66 .07 3032.9 32.7 7.024 03.12..8423
a2.00 0 7.7 1j 1:11 702 4: 332.0 37.37 134 0330,1, 32.:4 :7.90 02.9t.4,3.000 40444 3.3:94 339. -324-09 003 3. .0 7. .4

a400 0 2.3 3.0 3325 .'. :.139 033712..77 324.9 36s
49.000 1439.43 2.494 3309.4 .7 5 .6 3.3 -116 1% 3 2.0:4 1 4: 4 374. 3.00
24. 000 U29.171 2.961 301.11: 375.3 0 :339,1 ! 32. 1.9 3 741.7 1.07

6030 C ~ 763 00 074P P00 0 0000 0'::40 ':" 13 3 '7 'N7 300 OP00 0
31.000 3000.00'2 345.9 -3.91.9 3.793 30'. 1)1 1 1

32.000 3.761 .7407. 7.0 3.2 3. 0.04 .37 23. 21. 22. 220. 3 23 1.3

:0.000 430.00? 0.2I 27. .0.4 1.2 243 ,9. a44 270.2 770. 26. 13. 1,02 3:.9
1. 000 349.76 00.307 23099 .94.012 1029. 9 34.9 .724.3213. 7 669.0 23.2 29. N' 0 1.433

34.000 43.71 2.02 2.C61773.7 -3205.07 377 274.8 132.4 300 9.0 2 .3 130.0 30.I 343t.3
67.000 579 U 20.6 0 75.4 -33.3 A .9 23.M00 343 5. 0 .413. 330.3 1.0 .4

"3 ,0* .900 3 :0.0 76 04. -M .24.0 .39 004 1 .0 24.2 2.091 300 .2 0 4. 333.0 3.8s:
39.000 111:'10 9. 7 9 4 9 - 2 . 9 . 4 0 .600 2 03 2 . 3 . .

34. 000 3.7 .7 970 390 I.t4 .09 29. .6 7 329. 304.5 3.864

39.000 340.444 7.33 2042. -33.14 . 304 334.0 24.4 3.402 10. 03. A.30
20.000 639.904 1.134 110*:. -37420; 3 .00 33.3 120.3 1:.166 033.0 0.9
23.*000 399.37 4.27 20. 2 -30.2 33 33. 23.9 3.0 30.4 00.3 3.0

2 6.0 0 C30 .77 9.2 22.4 -134.27 .995 036.4 20.4 3.9623.0 322 .3

24.0000 20 .40 .60 27.7, -309.74 ...7 32.3 72. t.70"333 043 33

2000 02.032 to... 25. 9 -35.2 : 02! 320. 1.0 *43. 4. .*
290023.06 420 059.320 .4 3 24.3 2 22 . 236 . 2 3. 263 9 6.4 14.0 8 1.944

C000 IC400 A.9 2034 0-1524 006 0 027. 22. 0.00 340.1 049.3 3.90
3300 9.409 3CO.9J36204.0 -109.00 k.00 2. 2. .49000 00.1.

33.000 210.60" 0.33 9 733.7 346.46 1.062 3.9. 23.49.9 30 34. 00. 392
24.9 6.4 3 .30 29.2 -340.20 .9 304 23. 4.3.4 343. 4 00.22.0 .S 3 .940
.. a0 "9.,;I :.37 2290 1.. 1 7 .0 -39.7 .@662 33. 2.94 7 4.9 002".4 3.949a

3400 0724 .002039 -3404 .9 3 2.3 232 1.003 340.3 003.2 3.973,1:1
01.000 330.20s2 4.741 2270.4 -144.00 Is0 33c2 1. 1 23 4 2.0 4.499 342.0 303 .6 3 1.3.97
39.0000 3*.337.932)063 2097 .4 -397.92 1.09% 334.)320.6 7.060 047.3 3003.1 .9 1,3.932:1 :?
0000 073.400 2.400 2259.9 -3*16.03 I.7S29 34.6 20.7 7.6:24 9 39. 390.4 131.50*
10.000 0.21S3 2.7002 26243. -343.69 1.72) 210.5 20.4 1.40" 340.2 303.41.s M 8 .60 1.;93

44.000 94.2*7 L2.620, 2239.7 -30.4 .44 30.960 20.2 , 0.04 0. 3 07.11'41l 'A99
40.000 417.%57, 2.405 2232.0 -30673.4 1.2 337. 20. .10 )a40.19 .07. 1.91?

44.00 330392.30 2044 -9333 44903.0 0. "A"9 044.0 046.0 2.00
IS.00 *a 009 2.2 236. -39.0 : 44 033 N. M.6 39. 304 4.3 300.7o I.0
1..00 44.00 M 2 .24 3393. -31 9 .43 2 1 3. 39. '0:' as0539.5 319.3 1.601

II
0.0 M 27I1429: 1.11 1'*4 10 2: 1 a "



PRESSURE PROFILE DATA
SYSTEM LIGUID BIPROPELLANT PC 9000. PS|A PE 0.1 PSIA
COMPONENT IREF FORMULA DENSITY HEAl FeR* wr. 0/0

CEG K Gp./CC 1KCALIFORM.W1.1
LCX 90.2 02 9.16 -3.Oe 71.5
RP-l 298 C.HI.95i 0.80 -6.92 22.5

BULK DLNSITY - 1.041 GM/CC

PIXTURE RATIO A 3.hk6 Lb OXIDIZER I Lb Of FUEL

PRESSURE PROFILE DATA

CHAMBER ENTRCPY 252.28 EU/IOOGMS

CIAMFER THROAt

FROLEK EVPANSICh
PRESSLRE, PSIA ICO0 391.1 I9E.5 63.10 25.12 96.70 10.00 3.9HI 9.58S .641 .251 .100 560.7
TEMP DEOG K !676.2 313H.2 2601.6 2267.0 1915.9 1 133.5 1611.5 1361.6 1119.2 922.4 r53.1 610.4 3329.4
ENTHALPV I-V 98.Se 42.68 63.72 80.67 95.46 102.98 IOT.93 110.39 121.91 134.33 140.25 145.07 54.16
CP .4S11 .4440 .63bd .4264 .4ib6 .008t .0il1 .3891 .3740 .35943 .3636 .3290 .4470
IPPUL OPT 166.?1! 19?.O 232.42 258.62 270.91 717.bO 294.61 307.27 317.32 325.6 5391.72 116.61
IPPUL VAC 211.31 262.62 265.0b 285.41 992.38 298.1t9 309.98 319.46 327.05 333.09 137.87 212.11
EPSILCN I.C67 1.611 3.031 5.782 6.b34 11.W 2 2.t29 65.056 90.315 180.801 360.757 1.000

SHIFIINi, EKPANSICN
PRESSLME, PSIA 9000 398.9 158.5 63.10 25.12 96.O 10.00 3.v9l 9.but, .631 .259 .100 !77.6
TElP, UEG It 3676.2 3400.9 3159.0 29163.1 2749.4 2663.8 2571.0 2606.6 2265.3 2088.5 1927.6 1513.4 35O7.b
ENTI-ALO' -1- 18.58 63.32 65.79 86.05 906.62 996.70 121.63 137.23 9bl.55 166.70 176.72 198.61 3S.66
X FAR J.879 i..16 1.687 3.605 3.528 1.4e7 4.159 3.395 3.339 3.299 3.251 3.224 3.913
N 3.Pl1 3.776 3.011 3.605 3.52H 3.48? 3..59 3.395 3.339 3.290 3.251 3.22k 3.813
CP 1.7068 I.T769 1.7655 1.7156 1.68C5 9.%949 9.5677 1.6066 1.2335 1.0310 .8146 .6063 I.t309
IPPUL OPT 966.70 202.68 242.21 273.b9 289.17 299.69 $21.2? 360.99 3556.b3 370.99 3S3.69 996.65
IPPLL VAC 222.37 2b2.71 280.16 306.25 316.r3 525.08 363.24 359.19 V37.19 385.52 396.26 295.68
EPSILCN 9.086 1.793 3.42Y 6.976 10.717 14.612 31.53', 6d.710 150.921 332.338 728.309 1.000

COMPOSITIOIN SHIFTING IPLCL/OO UP)
170.89 C .COO0 .OCO .0000 .0000 .COO .0000 .OCC0 .0000 .OOCO .0000 .0000 .0000 .OOO
142.00 C.9 .COO0 .G0CC .0000 O 0000 .OCO .C000 .0000 .COUC OOCO OOCO . COCO .0000 .0000
-2.9C C0.e. .0003 .000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002
67.00 CP2 .CCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .OOCO .000C .0000 .0000

-27.70 Ceh2so .COO .000 .0000 .0000 .00O .0000 .0000 .00co .0000 .0000 .0000 .0000 .COO
!1.96 Cqi.3 .COO0 .cor .0000 .OCOO .0000 .0000 .0000 .0000 .OOCO .0000 .COCO .0000 .0000

-97.89 C11101 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .OOCO .0000 .0000 .0000 .0000 .0000
-26.42 0C0 .7850 .694U .6039 .5135 .4248 .V6 .5392 .2581 .9839 .1162 .0609 .0219 .7313
-96.05 0.02 .e2kk .914 I.O57 1.0961 1.1846 1.2650 1.2706 1.351S 1.6265 9.4934 1.54h7 1.587? .6?81
199.0C C2 .CO00 .0(CO .0000 .0C00 .0000 .0000 .0000 .0CGO .0000 .0000 .0000 .0000 .0000
112.10 02.e4 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
56.19 C2.1-2 .COO .0OO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
12.SC C2.146 .CO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

989.70 C3 .COC .0OCO .0000 .0000 .0000 .0000 .0000 .000 .0000 .0000 .OOCO .0000 .0000
242.30 C6 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 s, .C70 .0699 .0676 .0363 .0268 .0221 .0190 .0126 .0076 .0060 .0016 .0006 .0672
9.33 t-So .!520 .2e82 .2517 .9"26 .1399 .1182 .1039 .0738 .0692 .0299 .0157 .0065 .4131
.00 P42 .1691 .1231 .1062 .0905 .OS6 .0616 .06ti .Oe6 .0362 .0246 .011b .0060 .1303

-57.8C H2#0 1.2160 1.2140 1.3259 1.3720 1.4127 1.6362 906686 I.680O 9.5012 1.5502 1.5489 1.5624 1.2513
59.56 0 .1080 .021 .0609 .0639 .0305 .0241 .0202 .0124 .0069 .0033 .0013 .0003 .0920

. 8C 2 .3669 .3316 .3C50 .2699 .2331 .2113 .1956 .1583 .1222 .0887 .0598 .0.•86 .3690

-a.-
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C'931 Lit-I . 3436,A, PC 300 LILA60. P

.C0IO. CC4616I.7 6 - IO IP O APL .6.33 66S," 3.

A 6Pd.? 1 . !9 C6'. 69311 1 1"' I', I.p 1.2 /.4 1',1
C,~A71 IC.1,5 *9".3-r.1

6~~~~~~ ~ ~ ~ 936 01 C,1. 26P13":'; -316 2 ý. .ff

1.CC Ct 100C.UE 1666.2 - I29 .693l

2.000l 12.9 1 13 1 197 ,296 . 119.?6 .1 1M 2.1 .9 33. 1." ,6 266. 2I . . . , 1 . 1 . 6
6.00 1.IP '62 21.6 -I.1 6/ 620 321 99 ~l, 29.o 21. 261 .9I1c9

"9.CC I'4 661114c 391'.l -. 1~ .66 23. 62 .69 /10 1. 26, 19. . 1.14l

6.00 69 P 2.2114 3. 15- . 262 69 296 2. .2 6 26. 1'. 766.' ~1 7 .6
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6600 1212 '.193 132. -CI .6 066 3.9 .6616.1 I.- 6
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66.0CC 6.2 3 0. 373.?V 2A913.3 -1,0.6/ 3.9% 23.) 2.92.6 9 26.7 633.6 323.6 3.912
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26.009 2M.635 4.W9 2W6.? -315.1.6 3.9 436.3 721.36 4.1606363 16.V.
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PRESSURE PROFILE DATA
SYSTEP LICUID OIPROPELLANT PC 300. PSIA
COMPOkENT TREF FORMULA DENSITY NEAT FORM NT. 0/0

DEG K GM/CC IKCAL/FORM.WT.)
LOa 90.2 02 1.14 -3.0! 60.
RP-1 290 CeHI.9S3 0.60 -6.92 4C.

BULK CENSITY * .974 GN/CC
,IXTURE RATIO * 1.$00 LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

Cl.AMBER ENTROPY 306.9? EU/IOOGMS

CHAPBER THROAT =

FROZEh EXPANSION
PRESSURE, PSIP 300.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .600 .285 .119 .0S0 165.1
TEMPf DEG K d442.3 2025.0 1671.1 1369.5 1244.7 1113.8 890.7 719.4 571.7 451.6 356.0 270.8 2149.3
ENTNALPY I-) 25.56 47.40 65.4S 00.29 06.27 92.41 102.24 110.13 116.43 121.42 12S.34 128.47 40.99
CP .5306 .5168 S5C03 .4826 .4744 .464? .4418 .4328 .4208 .4123 .4065 .4026 .S211
I"PUL OPT 137.70 106.25 218.18 229.78 241.13 258.24 271.22 261.13 280.76 294.60 299.10 115.79
IMPUL VAC 209.77 230.18 248.91 2S6.30 263.75 275.28 284.20 291.09 296.42 300.52 303.74 206.67
EPSILON 1.040 I,!IS 2.S30 3.278 4.444 7.992 14.538 26.606 40.054 90.06S 16S.769 1.000

SHIFTING EXPANSION
PRESSURE# PSIA 300.0 12S.? S2.66 22.06 14.70 9.244 3.673 1.623 .680 .285 .119 .00 165.6
TEMP9 DEG K 2442.3 2041.0 1693.6 1400.2 1200.9 1156.4 976.4 81173 039.7 797.1 758.3 122.4 2164.1
ENT14ALPV 4-1 25.50 47.46 6S.70 80.78 86.09 93.24 103.60 112.49 120.60 120.06 135.02 141.47 40.93
X BAR 5.663 5.657 5.656 5.656 S.6SS S.6S4 5.626 S.504 S.359 5.22S S.101, 4.90S 5.658
N 5.663 S.657 S5.S6 5.656 S.655 5.654 5.626 5.568 5.502 5.594 5.604 5.612 S.638
CP .5150 .5335 S5166 .5125 .5153 .5273 .7919 4.770. 5.0959 5.2189 S.1606 4.9390 .S426
IMPUL OPT 138.03 186.03 219.14 230.96 242.62 260.53 274.98 287.51 296.62 306.56 317.53 11S.56
INPUL VAC 210.30 231.1S 250.38 256.06 265.96 270.76 290.33 301.04 310.66 319.40 327.33 207.17
EPSILON 1.042 1.523 2.S63 3.339 4.S69 0.S19 17.124 36.021 76.614 164.338 354.869 1.000

COPPOSITION SHIFTING INOL/I00 GNM
1?0.89 C .00C0 .0000 .00 .0000 .0000 00.0000
142.00 CaH .0OCO .0000 ,OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-2.90 CeHtC .0C03 .0001 .OCOO .0000 .0000 .0000 .0000 000 .000 0 .000 000 .0000 .0001
67.00 COH2 .000 .0000 OCOO .0000 .00C0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 ,0000-27.70 C.H2.O .0000 .0000 .OCO0 .0000 .0000 .0000 .0000 ,0000 .0000 .0000 .0000 .0000 .000031.94 C*H3 .0000 .0000 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-17.94 COH4 .OOC0 .0000 C0000 .0000 .0002 .0007 .0140 .0437 .0369 .0310 .0261 .0221 .0000
-26.42 0.0 2.70C4 2.6711 2.6242 2.5519 2.0072 2.4466 2.3009 2.0726 1.7066 1.3175 1.2651 1.0300 2.6619
-96.052 CO0 .16C0 .1904 .2373 .30S5 .3S41 .4142 .3450 26602 .?616 .9445 1.0674 1.1024 .1794
199.00 C2 .00C0 .0000 .0200 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
112.10 C2oN .0000 .0000 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

54.19 CZ.H2 .00CO .0000 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
12950 C2m4 .OOCO .0000 0 OCOO .OOO .0000 . 0000 .0 000 .0000 . 0000 . 0000 .0000 .0000 .0000

129.70 C3 ,OCO .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
242.30 C4 .000 .0000 0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

52.10 4 .0146 .0025 .0C03 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0047
9.33 .0 .010 .0001 .OCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002
9.00 2 2.0596 2.0940 2.1429 2.0151 2.2594 . .3177 2.4072 2.3903 2.3674 2.3067 2.3919 2.3046 2.0629

-57.60 1220 .7266 .6960 .6512 .7S90 .S346 .4751 .3575 .3167 .3330 .3435 .3502 .3542 .7062
59.86 0 .0060 .0000 .0000 S000 S000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 02 .OOCO .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.00 C/C .00CO .0000 .0€0 .0000 .0000 .0000 .0000 .0640 .2227 .366S S5029 .6270 .0000

no0-
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PR SSURE PROFILE DATA
SYSTEM LIGUID BIPROPELLAN7 PC 300. PSIA
COMPONENT TRIP FORMULA DENSITY HEAT FORM WT. 0/0

DEG K GM/CC IKCAL/FGRM.WT.)
LOX 90.2 02 1.14 -3.06 65.
RP-I 21; COH*.953 0.80 -6.92 35.

IULK CENSITY * .992 GM/CC
FIXTURE RATIO o 1.85? LB OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CPAMBER ENTROPY 296.29 EU/100GMS

CHAPBER THROAT

FROZEN EXPANSIgN

PRESSURE, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.673 1.623 .680 .285 .119 .050 166.9
TEMP, DEG K 3066.2 2587.9 2174.6 1616.7 1669.8 1512.3 1246.9 1023.S 631.0 670.5 536.4 426.5 2736.8
ENTHALPV 1-1 23.58 46.09 68.72 66.02 93.09 100.45 112.41 122.25 130.28 136.76 142.00 146.17 40.55
CP .5193 ,ScSO *4927 .4787 .4712 .4628 .0450 .4277 .4106 .39S5 .3838 .3745 .5086
IMPUL OPT 146.01 19$.1S 233.06 245.90 256.59 277.96 292.97 304.66 313.81 320.97 326.57 121.46
IMPLL VAC 222.97 24S.80 266.94 27S.39 283.98 297.49 306.14 316.52 323.09 328.23 332.24 219.30
EPSILON 1.045 1.S44 2.621 3.424 4.664 8.596 IS.952 29.7S8 SS.SS 103.769 193.S43 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.873 1.623 .600 .265 .119 .050 170.3
TEMPO DEG K 3068.2 2688.7 2314.2 1963.5 1813.4 16S4.3 1391.7 1173.1 994.6 850.9 754.1 719.0 2621.1
ENTHALPV i-) 23.56 48.46 69.92 68.21 95.76 103.66 116.65 127.60 136.64 144.71 151.50 157.67 40.17
X BAR 5.023 4.976 4.57 4.950 4.949 4.949 4.949 4.949 4.949 4.946 4.901 4.789 4.990
N 5.023 4.976 4.857 4.930 4.949 4.949 4.949 4.949 4.949 4.946 4.90S 4.912 4.990
CP .6046 .6492 .5516 .5063 .4999 .4950 .49S9 .5079 .S303 .S904 3.2582 4.9001 .6979
IMPUL OPT 147.10 200.76 237.12 250.56 263.94 264.5S 300.61 313.90 324.62 333.59 341.S4 120.13
IMPUL VAC 225.76 250.17 272.56 281.54 290075 30S.47 317.49 327.45 335.62 343.17 3S0.26 221.45
EPSILON 1.052 1.576 2.699 3.S41 4.875 9.080 17.260 33.509 66.125 134.665 292.915 1.000

COPPOSITION SHIFTING IMOL/IOO GNI
170.89 C .COCO .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
142.00 001 .OOCO .Oco0 .0Coo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-2.90 CO.OC ,OOCS .0002 .00co .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0003
67.00 CeH2 ,0OCO .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-27.70 C*H2*O COCO .0000 .0COO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
31.94 C013 ,00Cc .0000 .0€00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-17.69 COH4 .00CC .0000 .0CO0 .0000 .0000 .0000 .0000 .0000 .0001 .0015 .0217 .0183 .0000
-26.42 COO 2.1941 2.1701 2.1371 2.0872 2.0565 2.0145 1.9129 1.7776 1.6116 1.4260 1.2379 1.0003 2.1791

* -94.05 Ce02 .3092 .3335 .3t67 .4166 .4473 .4893 .5910 .7261 .6922 1.0763 1.2395 1.3S36 .3244
199.00 C2 .00c0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
112.10 C2.N .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
54.19 C2oH2 .00€0 .0000 ,OCoo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
12.50 C2f14 .00c0 .0000 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

169.70 C3 .0000 .0000 .0Coo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
242.30 C4 .00CO .0000 .0Coo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 H .1034 .0454 .0136 .0026 .0010 .0003 .0000 .0000 .0000 .0000 .0000 .0000 .0628
9.33 H*O .0390 .0120 .0C22 .0002 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0191
.00 H2 1.1666 1.2035 1.24?3 1.3017 1.3332 1.3754 1.4773 1.6124 1.7783 1.9561 2.0560 2.0615 1.1699

-57.60 .200 1.2061 1.2127 1.1897 1.1419 1.1113 1.0694 .967? .6326 .6666 .4639 .34S6 .3469 1.2140
59.56 0 .0020 .0003 .0coo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0006

.00 02 .0009 .0001 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0003

.00 0/C .0000 .0000 .0C00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .004? .1236 .0000
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C1.1.E4 768 PccL EN;SIT MHEAT PEEPM 67. Ole
EON A GM/CC IECLP8PP.

LOE 90.2 IRE 1.14 -1.0t. 45

S126 MEAN 511.1 UI C

EPSILON PC/I P PSI' TTMP EETIALPV CP CAL I OPT DELVAC CELVAC I SE l I A' ' AC' F E CP '
060 MA80L/1000P GM CEOG I ,1 0/ !.000 SCOOT LI04

3.0000 , 60.0 38. 2 -03.56 .

23:000 0.514 3A.3623.6 .40SS 49 1 1 6.9 8 1.?61.6 240.)S 203.3 601.3 209.3 13.6 1.524

3.000 469.563* 3.!99 1311.1 -17 86.11 .464 268.2 4 .36.6 .1 29 .3 241 24"1.9 2612 13 1.643

7:0 $SM.1 5.121 1332.7 .516.4 .1 3 /1 . 21 .3 4.35 236.2 253.2 1.468
12.000 14.24i 2.311 1 2. 4 -1.7.. 6 .. 34 28.:70 1 126. 0. .2

.433 16:

10001. 1 ~ i Z02.6 -112.23 .426 293.0 16.2 6.318 3821. 3

G1.'o 2 296.3 1M6 to0.0000.9 1.708

0600 23.6 l/8 544.3 -12.1 . 423 2344N 14. 4 1.24: 330.1 1.161
/0.000 2,4,661 1.4 .1-19.2.1 .4I 21. 3611 331. 4 ot 1.:,210

23.000 21.0M.8 3. 140 .2 6. 340.6 1.1 1..71
12.00 24.041 1.,220 620. -124.0 .3 4 263. 133 '.0232. .1

2300 35. 64 620 -2.0 .63 303 12. 14.07 1. .84.000 310.112 1.810 810. I2 . .. . .04 30.4 l2.. I5.,0 31 4. 0.130I27.000 319.111 ..17 1. 4 02 2 93 .43 30. 02.3 Re97 30. 1.94,
2800 40102.71 .49. -123.157 .432 30. 14.1 1'0.617 1. 14191

23000 424@.63 1.103 83. 1298 .1 30. 0200.9?0. .9

1.:000 466.765S .416 820.4 -120.10 .430 303.3 113.9 18.204 311.0 1.803

12 001 3 .3 1.0 2 8114 211 .10 .4205 303.8 13.6 18.8363764. 0

33:.00 312.7R0 .56 831 -073.461 .408 3043 10. 1330.46377 0.0

4600 176.01i .501 164.0 -1270.78 .4016 304.8 00.2 1420.78 3..0.1 6.00 35.32 .57 81. ~2 IS 64373 312.0 336.4 1.801
17.06 0.6 . 6 772 :1' :''.3 :1771 .601R 30.1 109 3.3331.0 1.1

3600 4289.323 .471L 7496. -072.35 .4043 308.5a 00822.51133. 060
32.000 452.007 .440 75.5. -123.27 .404 308.9 10.1 23.047 303.4 1.618

10.000 t&26.1 4 6 71.t03.0 .0 306.3 10.4 13.7 313.6 1.613
0.00 449 S7 .6.423074. -123.74 .0 364 10523830.0..2

S2.0 72.0 .404 766.36 -074.04 .402 310.0 00.4 :4.38 320.3 1..622
44.000 772N4 . 775 -034.50 _ .4 03 33.7 00. 260330.S2

14.000 3s4..,1 . 1 9S0.0 -054.07 .51 1. . 2.0 /. .2

,8.000 869.26-4, :.316 7096. -l!5.2l .33 31. 5 . 2.7 323. 0. 830

4 . 0 84 . 4 . 3470.8 -376.68 .3 8102 1 .7 29 03 3290. 1.833
30.10000 307.651 .477 035.3 0.7 .36.7.4 3 ...7 2363 322. 0.3
3.4240 20.416 .6404. -30 40 24. 23.1 2.00 2456 26. 270 264 369 056

.R.0000705 E97A.4.",30,03,

CE0 1094 -01 /IOG 053. -1 EOZ /9c Lt 000001 300000.8
I2C'0.006.2 23.,18 .604 t. 1. 616 .2

2.00 3.00 3312 144.4 -7831 54 200 6. 025 230 266 76. 6. .6 .4
.000 2440 0.370 17110. -5868 24. 3. 33 24. 27.93 a8. 2.961000 13I0T.0 04. -104.2 26. 65 236043 204 0.3

Go00 S3;7 I2 0440. -3065.32 270931.5 24.6 3.402269 26. .6

70.000 54.173 6.474 044. S 315 267 3. 42025.63229.8 3.8119

3.000 74.413 3..604 033.0 -0304.43 I 264S.3 21.0 2.006 2S9 11. 272.3 1 S.1 30 .3 9 0.730

EPSI000 302i2 240 0320. -320.3 089.9LP 09. CA4L3 29. 365. 3.153I'tISE t AC EAC A
0200 06.6 2.0 125 L0.9 0 G-3D0.47 262. 38. 14 298.4 333.03.2

04.000 042.01 2.30/0368.2 -232.24 2960 . 0 7. 67296 319 1.8

06.000 :116.2 1.1 20'094.7I -32.40.1 1 '299.0 07.0 1:'* 6. 40 3 :0 21 266.80 3261.2 1.361 7
11.000 063.308 31.633 3376.1 -027.2 30. 8 03833.:.7
6.000 065:732 11:!33 0003.6 - 9. 2 So 0. 1 04.. .5 00.733 4.9 :T. 1 3 3827.2 3.40 1824
06000 203.0T 0.4/I 1046.3 -2.3 0 2.9 04 2 0.374 26. 309.0~ 0.78
/0.000 /24.&t2 0.340 3030.0 -029.80 304.0 11.9 02.960 31.2.9
/3.0000. 26.442 0.237 1034.0 -07 .5 305.0: 051 0:2.665 320. 1 0.754

2300 2666 003 05. -0061 306. 0523393 2.1 3.804
24.000 240.365 61.3 313.0. -330.41 39C0 2.1 39 . 80 ? 05503..0

28.000 35697 .461 0036.16 -33214.5 300.1 3. 16.62 325. 0.62

ý28. 0 3/ .4 5 .6 3 06 .? -338.53 338.3 33.1 .229.1 5. 329.0 3.844

40.000 160.3504 2.033 5.92-a. 232.6 -073.06 30. 02. 2405 33. 164
400 57. .50 373-9.4 0 1.3 02.8 24.484 330. 3.649

43.000 636.362I L.657 3246.1 -360.4 306O.8 32.4 27.199 33.3N.5
66.000 416.7346 L.46 922.01 -00.7 339.2 10.4 27.82 333. 0.86

46.00 11.14 62 90.0-33.31369 2. 2.032 33.1..6
66.600 732.36 'I .240 6106.7 -3412.43 3023.0 29.443 I 332.3 1

20. 000 219238 . 399 904.5 -34. 44 32 .5 3.3 130.269 332 3.863

23.640 204.4143 3.696033. -63.7 .50 26. 3.0 2.07 00 .6 23. 277.9 2 1. 3 .40 .31
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PRESSURE PROFILF DATA
SYSTEP LICUID SIPROPELLANT PC 300. PSIA
COMPONENT TREF FORPULA DENSITY HEAT FORM WT. 0/0

DoE K GM/CC IKCAL/FORM. T.)
LOX 90.2 02 1.14 -3.0D 68.
RP-1 298 C.HI.953 0.10 -6.92 32.

BULK DENSITY * 1.004 GM/CC
FIXTURE RATIO * 2.125 L8 OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

CIIAMSER ENTROPY 290.92 EU/IOOGNS

CHAPOER THROAT

FROZEN EXPANSION
PRESSURE, PSIA 300.0 125.7 S2.66 22.06 14.70 9.244 3.873 1.623 .660 .285 .119 .050 167.6
TEMP, DEG K 3325.8 2025.2 2392.2 2C17.6 1360.4 1693.4 1413.1 1170.9 962.? 785.0 634.6 S09.6 2962.?
ENTHALPV 1-) 22.39 47.30 68.44 86.30 93.65 101.34 113.92 124.36 133.02 140.10 14S.64 1SO.47 39.51
Cp .S021 .4931 1462? ,4707 ,4642 ,4562 .440S ,4232 .4060 ,3900 .3753 .3636 .4960
IMPtL OPT 147.22 200.16 23S.61 248.99 262.08 262.19 297.88 310.24 320.00 327.72 333.81 122.05
IMPUL VAC 22S.13 241.61 270.54 279.32 288.31 302.51 313.64 322.84 329.96 335.59 340.01 221.26
EPSILON I.047 1.5S6 2.6S9 3.487 4.794 8.868 16.614 31.304 59.066 111.323 209.373 1.000

SHIFTING EXPANSION
PRESSURE, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.673 1.623 .680 .265 .119 .050 172.5
TEMP, DEG K 3325.8 3006.9 2686.1 2352.3 2196.9 2024.3 1725.2 1466.1 1247.0 1065.3 916.2 794.0 3124.1
ENTHALPV I-) 22.39 47.86 70.49 90.31 98.64 107.44 122.09 134.54 14S.13 IS4.15 161.66 166.SS 38.95
X BAR 4.696 4.619 4.66 4.538 4.S31 4.527 4.S2S 4.525 4.,25 4.92S 4.525 4.524 4.645
N 4.696 4.619 4.566 4.38 4.S31 4.527 4.S25 4.525 4.52S 4.525 4.S2S 4.S24 4.645
CP 1.1667 .9283 07121 5704 .5319 .5049 .4031 .4604 .4683 .066 .5324 .5629 1.016S
IMPUL OPT 148.93 204.S7 243.09 257.55 272.02 294.51 312.37 326.77 336.57 348.36 356.59 120.03
IMPUL VAC 229.61 256.40 261.05 290.97 301.1S 317.43 330.72 341.70 3S0.66 358.64 36S.30 224.54
EPSILON 1.09 L.624 2.840 3.753 5.200 9.76S 16.674 36.239 71.313 142.271 287.463 1.000

COPPOSITION SHIFrING IMOL/1O0 GM)
170.89 C COOCO .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
142.00 C*H .0000 .000000. .0000 ,0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-2.90 CeHoe ,00CS .0002 .0COI .0000 .0000 .0000 .0000 .0000 .0000 .0000 ,00CO .0000 ,0003
67.00 C.H2 .OCcO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-27.70 C9H2vO ,OOco .0000 ,OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
31.94 C*H3 0OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-17.89 CoN4 .00CO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .00o .0002 .0000
-26.42 CeO 1.8499 1.IS2 1.7139 1.7492 1.7269 1.7013 1.6329 1.5393 1.4172 1.2655 1.0903 .9034 1.6273
-94.05 Ce02 .4386 .4738 .5C53 .5400 .5603 .5679 .6S63 .7499 .6720 1.0237 1.1989 1.3856 .4616
199.00 C2 C0OCO .0000 0OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
112.10 C2*H1 .00Co .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
54.19 C2*H2 OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
12.S0 C2*H4 .00CC .0000 .Oo00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

189.70 C3 .OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
242.30 C4 .00CO .0000 ,OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
S2.10 14 .157 .1024 .0931 .0196 .0107 .0047 .0007 .0001 .0000 .0000 .0000 .0000 .1227 ?.
9.33 l4.O .1276 .0674 .0259 .0062 .0026 .0008 .0001 .0000 .0000 .0000 .0000 .0000 .0676
.00 042 .7367 07447 .7690 .0081 .6309 .6606 .9306 1.0245 1.1467 1.2963 1.4735 1.6597 .7400

-57.80 142*0 1.3547 1.4057 1.4269 1.4144 1.3979 1.3721 1.3044 1.2109 1.006 .9371 07619 ,57S4 1.3902
b9.5 0 a.010 .0055 .0e11 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0065

.00 02 .0117 .0042 .0006 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0064

.264-
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330766 0100030 63P4806tL647 PC 300. 9134A(805004540 0061%#61004L 0005309 ME67 POOP 87. 8l0
00 O N/CC 06C4L/P86M.W7.0

LOU. 902.39 692 33 0 6

k.0 0 .:0 .4 243.7 9921.6 2.9.1 2 650 ,3 1 1 L.4

3 Go ~ ~ ~ .0 271.1 22.3 170.3,4b 2 ,:. :q
1414.7 -119No: 7. 2. .7 259.0 6. IS

56.104..9 1 £11 40 224 2. .3 293.7 9. .1
2.00£210 I92 432 29. £6 1 1722 294.0 3006.3
. 343.4:. _114.09 . 03 820.3 29.0 S3.21.

k9.000 1124.206 aio 1.36020.7 -024.3 . 02 0 30. £1. 00.33' 3.03.: 1
20.00 29.29 .24 0044 02 . 430 .0 230.0 £4.9 01.290 31. 0763
11.10 1:,133 0.0 l.009.0 127.761 .0027 32.6 19. 12.91 32700.7

"22.00 2 2.0 130 0001 -0 626.4 .414 ": 30. 14, 132 3106. .

Is.000 .116 M 143O £14. 1 294 .:11 301.0 0391 0.423330.3 .9

27.000 20.1.0 I.A42210006. j .I 4 .21 30749 £. 3 04.5 9 320o.9..0

2900 24.0.33 .339 9624.0 -122.07 .200 306903. 0 73332 .0

3000 03192 ."691.7 -029 .0 000 1 .4 6.37 322.7 1.537

32000 Is31.339 *. 1 4 19 014.S£ -1'3.29 .4016 0 04 1 .10 .9 73 3. . 0
3.300. 40.61 s 3 90. : . 07. 4 .009 30. £24:41 231 0.230.000 414.907 .60* 937.9, - :074.0 .4 *304 £222021 323.9 ' 139 3 1:,2
21.000 107. 19 .3001929.4 -070.37. 40 30. 212.1 2. .0
3000 17.0 .51 922 -3 .7 .02 322.4 2 . 2006 32. 0.626 4

3.000 310.036 .134 10203. -230.03 .402 303.0 00.6 22.0004 320.9 2.6294
38.000 160.74 04 0. -7. .. 02 31.1 £ .7 22.73 I2..3
31.:00.0 403.1(71 1997 '#00. 071:.4 .400 .30 3.9 10. W23.32..1

11:000. 469 80 3 40 87. -07 .4 2 .39.6 3 ?' 1 " ? 301.0 I 00 .3 2.034.3 2.3

43.000 4 0.47 .434 370.2 -274.74 '.39 321.46 002 S 21.89 324 ' A, .4 2.3
44.0000 74.215:3 .420 .64.0 -227.001 .394 31. 3 £3:.l 2: 11214.3 3243.2 3.642

*4.00 71 . ( 3 1 01 . I 7 4 .39 3 6 1 00.9 27. 327.1 0.6243

4100 7042 .... 60.7L: ::14:7 .3402 3126 a.000. 21.24 32.1.00400 (.04 .7 49.9 037.f .3 7012.0 .20.8 36.02 327.6 2.809.000 624.72 3 84. 260 .0 2. 00. 2.07 3246. 280
3.067 20.40 09.94 040.4 93.4 I44 24. 3.3 .4 090 26 22711.6 279.3 0 .0(2037

';: 474 *: 1661I7

0.0(01: 30 5. COO 3321. -2 .3 0'.17 1.47.72.1
39.000 0.779 07.03£ 3221.0 -70.93 0.024 000 273.9 . 40 20.1 .4 20.3 23.:201:.23 0.6

2.00 .34 3..So 2530.3 -76S.74 .4* 20 .9 1 4 4. .1 4. 1. 4.1 244.4 0.4 .447

7,.000 4942 4 1£7. -0.0 .9 0. 21. S.264 3.0 092 0.702

9.:000 69.81 0. 9 72. 2 0 3 .3464 29£.9 23.4 M o.490. 0..1

00.0 12. .4 47. 249 296.3 22.04.1964 320 070
02.00 '13...7 2.9 03.S -2.0 0 2 1. 7.4 109.4~ 322.0 2.770
04.000 £25.97. 2.0 £4091.0 31 .86 . 303.0 20.7 67.004300 323.7 2.780

0 6.00 10;7 2.03 3146.4 -070.40 30;4. 19.7 9.4 2. 24.40 0,8. .479

07 00 0@.9 0.1310.9020 300.0 369 0. 06 2994S 3 29.0 1.810
00.000 00.44.0 4.494 0607.3 -07.9S .64 290 300.3 06 . 04 00 9.14 3301 7 . 0 291 I. .53.0

2000 2(.7 1.7 '4'0.4 ,..o7 3 04.0 '6. 0 62. 1 S.0 3.3.5 2.0 1. 82

20.0005 2713 039£2. -244 30. 2 £7.79 2.81 33.8 0.3
22.000' 5.72.02 1.7029 £07. - 77.31 33421 7. 4 03.0 41 333426 . 7 06634
23. 000 2944070 z 31.0 0392.9 -076.09 31. 07. 00.00 330.0 2.64
24.000 20.327 0.09 2376.0 -376.7 30. 04.9 24.1 33.a.0

24.00 20.90 330233 .3:-40.0 3270.0 14.1 4.0834.1
26.000 320.76£ .13 137. 14.29 SC 320 2434 .07.37 3377-061

3:0.00 30.04 . 6I10 021.ý'1:t ::1 -09.3 323011. 0 18.9 4420 338.6 0.N433.000 309.727 1.02 11324.6 -002.6 : :1 32. 05:.4 19.008 339. 3.647::0N
3200 39.977 ý.790 026.9 ý -032 324.3 03. 1942 339. 6 I. 0380

133.0.00* 30.1!2 .74: 22731.4 0032.71 9 329'. ? 1.4 20092 340. 3 .7
30.00 C.04 .3314. 1200 398.1 09.2020.700 30. 1 .7

31.000 930.404 .6723. 203. 0 327. 34:. 7 20.09: 302. 260
L6.000 087.304 I.101 0223.4 -004.39 328.2 04.4 23.34 302. 3.64
10.000 1,(0.18 1.19 10208.1 -00.113 328 .7 10.1 20.382 343.20.6
410.00 123:9733 1371 200.9* 244.90 329.2 14.4 MAS0I 3433 289

42.00 9.9 .11 020. -087.20 3294 :0.3 29:470 34.9 3.9
to 90'00 ?C3.372 I.923 309.9 ý1978 33. £4. 249430. 1.9

- ( 04~,.000 4C6.S08 1.031 07. 264 3. 39 25.206 343.0 1.9
47. 00 42 .4 6 07 1172 .4 - 006 7 33 . 03 .8:26.88 34 .1. 046.000 202.384 1.244 114. -39 90 33." 37N' 3434. .0

0900 8.02 .013 310432 39.1 33. 03.7 30.3*0 39.0 30
30. 000 4U9.617 1.1891 0093.0 -8.2 3302. 33.4I 30.79 1 443 0.9343.713 20.004 30.494 2094.9 -95::.44 3 13 3.1 30 224 1. 4. 6.1 90.0 01.431 .0

2f00 0:. 1-"153-3 10' 3'



PRESSURE PROFILE OATA
SYSTEP LICUID SIPROPELLANI PC 300. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FOA WYT. 0/0

DEC K GM/CC (KCALIFORM.WT.|
LOX 90.2 02 1.14 -3.06 7c.
RP-I 296 C*Hl.9S3 0.30 -6.92 30.

EULK CENSITY *1.011 GM/CC
PIXTURE RATIO - 2.333 LO OXIDIZER / LB OF FUEL

PRESSURE PROFILE DATA

ClAMBER ENTROPY 265.39 EUlInOGMS

CIAPBER THROAT

FROZEN EXPANSION

PRESSURE, PSIA 300.0 125.7 52.66 22.06 14.70 9.244 3.673 1.623 .680 .28S .119 .090 166.0
TEMP, DEG K 3429.? 2923.2 2484.4 2103.7 1943.6 L173.S 1487.1 1236.9 1024.5 840.4 683.7 551.6 3064.3
ENTHALPY I- 21.59 46.30 60.32 6S.16 92.52 100.24 112.91 123.51 132.31 139.59 145.4? 150.26 38.48
CP .4917 .4834 .4741 .4629 .4568 .4497 .4349 .4184 .4019 .3854 .3701 .3576 .4066
IPPUL OFT 146.61 199.46 23S.17 248.41 261.57 281.87 297.77 310.35 320.35 326.29 334.59 121.23'
IMPLL VAC 224.30 247.99 270.02 276.90 267.99 302.42 )13.98 323.22 330.97 336.41 341.02 220.36
EPSILON 1.048 1.562 2.678 3.S? 4.845 8.996 16.936 32.071 60.633 115.266 217.643 1.000

SHIFTING EXPANSION
PRESSURE@ PSIA 300.0 129.7 S2.66 22.06 14.70 9.244 3.673 1.623 .600 .265 *119 .OSO 172.6
TEMPO DEG K 3429.7 3151.3 2060.3 2599.1 2460.? 2296.1 1993.0 1710.3 1462.8 1251.9 107S.1 926.7 3251.2
ENT14ALPV 1-) 21.59 46.96 69.77 90.20 96.94 106.26 124.04 137.61 149.22 199.1S 167.66 174.99 38.01
X BAR 4.C7 4.41S 4.339 4.285 4.269 4.256 4.24S 4.242 4.242 4.242 4.242 4.242 4.447
N 4.SC7 4.415 4.339 4.285 4.269 4.256 4.245 4.242 4.242 4.242 4.242 4.242 4.447
CP 1.4978 1.2842 1.0105 0746? .6522 .S730 .4966 .4723 .4687 .4751 .4904 .5131 1.3712
I|PUL OPT 148.55 204.74 244.32 259.41 274.63 293.54 317.69 333.21 345.93 356.48 365.31 119.52
IMPUL VAC 229.52 297.52 263.73 294.41 305.41 323.04 337.44 349.31 359.20 367.54 374.63 224.10.
EPSILON 1.064 1.055 2.949 3.933 5.499 10.443 20.088 39.097 76.921 153.005 307.845 1.000

COPPOSITIEN SHIFTING IMOL/1O0 GM)
170.69 C .OOCO .0000 ,OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
142.00 CoH .OOCO .0000 ,OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-2.90 CoH.E .00C4 .0002 .OCOI .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0003
67.00 CH2 0COCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-27.70 CoH2eO .0OCO .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
31.94 CsH3 .00co .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-17.69 C*H4 .OOCO .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-26.42 CoO 1.61S2 1.5631 1.5170 1.4769 1.4625 1.4432 1.3977 1.3339 1.2475 1.1358 .9976 .8375 1.S16
-94.0S Ce02 .S3C5 .5826 .6290 .66?2 .6836 .7029 .7465 .6122 .8966 1.0103 1.148S 1.3007 ,S643
199.00 C2 0000 .0000 ,OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
112.10 C29H .OoCO .0000 .OCO0 .0000 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
54.19 C2eH2 .00co .0000 ,OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
12.50 C2*H4 .00co .0000 .OCOO .0000 .0000 4000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

109.70 C3 .0OCO .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
242.30 C4 .0000 .0000 .OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 ) .1710 .1266 .0e49 .0470 .0321 .0181 .0049 .0008 .0001 .0000 .0000 .0000 .1424
9.33 1eO .2057 .1368 .0771 .0322 .0164 .00, 4 .0012 .0001 .0000 .0000 .0000 .0000 .1611

.00 P2 .5306 .5182 .5175 .S321 .5499 .5652 .613S .6767 .7654 .6772 1.0154 1.175 ,S216
-57.60 H2*0 1.3766 1.4457 1.4971 1.S234 1.5246 1.5170 1.4792 1.0165 1.3303 1.2165 1.0603 .9202 1.4222
59.56 0 .0300 .0196 .0C76 .0016 .0007 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0256

.00 02 .0391 .0219 ,0C90 .0021 .0008 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0279
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573112 U 303W SIPM3POILL6M? PC 300. PSlK

aO 9., IN. 3.4 .0 -,-

ft34 291C.MI933 4.5 -6.9 3.
FROZEN loPA IlON
C S TA, . 069.0 P1/IS iC

EPSILON PC/p P P1 4 TEMP '1" TOALPO1 CF CALI I OPT DLnAC CIELOAC 11 SE A I ATr I AT I OAt CP 050A CF VAC

3.000 300.000 3429.7 -21.01 ..9I

I1.00(0 1.5 361.:C,4 3053.3 -E..M .037 1U1.2 99.1 .090 1. 1. 1. 2. .9 .4
2.00 9131 32.12 220.2 -4 .469 219. 0112621124521.0 230. 1.0 .6

23.0000 15.110 L1.5.320.9-.4.6041032. a-1T 2 41.5 '23o.T 21. 2T3.9.4 1.140
3.200 24.64? 12.152 131.1 -9.4 0342302. 1 2.s 20. 210.1 252.1 1.501

5.000 3393:, .1:20 IT5T.s -1(0.90 .449 262.0 26.1 2.93 263. "e00.0 .
.000 34.39 01016. 13 .340 269.3 26. .1 3. 9. .3
7.000 33.304 3.425 1591.2 I0s.09 .441 2T9* .3221 4.11 39929." T 61.3
0.000 5331 051 516-1.118 ..3 2 13. 1.9 4.1.52 291.0 , 3020 1.1

.1*.00o "0,:30 3.22 1542.3 -113.03 43 20. 9. 42234,2. 1.121
11.000 1C3 .602 0.096 1403.0 -116.01 .430 251.4 19. M.7 9.2 30.6. I*13

13 000 130.95 2.20. 1331.5 -119.34 .25 291.6 11.9 1.101 294.2 309.3 .4
13000 134.510 2.072 1303.4 -122.33 .3S23.a145.9o9.5 31. I.5

M600 11.236 1.4 1239.6 -122.64 140260 1. .2 9. 13.1 1.3
1?.000 1111.4116 .14 12371.0 -123.51 " 1 291.9 1'6.2 102131, 1
111.000 2CI. 102 1.351 1216.9 -123.43 631 23. 109065300 1.0

19.02 17.11 I."? 11it -102 .4111 320.3 10.0 11.236 3101 113
22.000 23103.34 1.250 1110.3 :,1,25.91 .414 31.3: 10.3, j:11.31. 110
21.000 2101 '510.-167 .43 32. 102 1209 3113 a.9

/200 27.0 111 13.0 .. -1132 .12 2 14.71 1.160 31.0 1.791
23.002 21%.019 1.452 1131.9 -121.94 A411 303.2 14.01 13.71T 310.1 1.501

- .24.000o 300.175 .S92 1117.1 -1211.133 .0 300 14. 14:.36 193l.0
25.00 31.03 939114. -2901 30 300.51 14. 1330 31. 1.301

26.000 2116.6' W.91 ' 101.3 -9.1 .401 30310.! 13.3 10.511 320.4 1.1.11,

2100 3314 .54? 1079.2 -170.10 .404 301.3 13.1 16.10 32.9o .1
/0.00110 311.4-3 .006 1.06.3 -172.0 4.40 301o.9: :13" l6.11 321.4 11

20..00 -C11'11 .T34 2043.4 -11.1.424 109.2 13. 11:022 322.3 1.2
31100 423.21 .0 051-1.00 9.403 32. 13. 10. 3225 1.2
32.22 43220 .S 1020. 172.2 .40' 50. 12.9 10.812 3.2 1.2
33.000 5.04 .3 A00. 1263 . 310.9 12.1 1q..9 33. 1.2
34.000 4l9.312 .326 1004.5 -133.23 .30714 1. 012 32. 1.3

36.0093.50 .1198.1-113.12 .3199 312.312. it.) 7 323.7 a.
3720450.3123 SSS 90.62 -174.20 .395 312.1 12.2 22.00432. 103

311.00 011.234 . "1 91.:145 39 313.2 12.1 2:2.2 32531113
39.002 3113 .16901 1*6 51313.1 12.0 23::355 .3
30.000 *02.944 .450 957.11739 .394 31 11.9" 23.;i,250 1.4

:1?.052.111 ..411 950.4 -i 79 2 .395 33.31t: 4.9 326.2 1..431
.200 6534 .465 333.4 -110.5* .39314. 11... 1 25913 326. 1.*
43.00 03.1 5 5. 17.1 .9 315.2 11.6 20.727 32.0 3.47
44.000*021 .33 929. -160 33 310'.. 1.0 2 6.33 327.1 .410
40.00 709.0134 .423 923.01 -116.32 .3943 310.9 al.1.4 ::.9: 021.3 1.00C
36.0000 113.361. .410 917.2 -1736.07 .330 31&.3 11.3 2156 27.6 3.05
41.002 73:.131 .195 91.1: -36.81 .392 310616 11.2 327.5 .0

93000 :o455 .30 90. 1705 .9 3. 11.1 28.739 3123.0 1.5

39002 1603 .709.-312 .9 31. 113 2932 32. 1.
00.000 51531:'' .3167531 -174 1.9 11.3 '1'1.2 211 1 328.01 1.556

3.311 22.333 14.494 1993.3 -52.321 .457 236.4 30.9 2.014 241.3 257.3 210.4 210.9 1.404 1 .57?6

C 5755 056;.3 P7/Oft1C
ftPSILON MCIO P 50 7062 I 7... C. CAU/ I . P . 34930 ZfLU'AC I SEA I AT I AT I vAC CP SEA CF WO

010 ft 4CAU/ITT01fG 0"ICE P LOU 30000 3:020 ILU
1.00020.0 3529q. 7 21.39 13.49

1.000 ~ ~ ~ a Ma3 1.0033.2 -78.03 1.3731190136 .0 1. 3. 2. 2. .3 .6
2.0 301 1111 21:03:.1 :11:19 .9320.3 36. 1. 200 3. 260.0 26.7.3 1.t 1 .o0

3.000 13.3 2.12505-.7 .30 255. 35.3 1 2510 2 1.7 :' 26 .128.3 203.3 : 1.135655
9.000 26.533 10.51* 2394.2 -10.1 .592 27.'3. .04 27. 91. 0. .66.300* '4.4413 51.316 225.1 -110.55 .030 2116. 29.1 3.6*3 301.0 1 306.3 3,693

0000 34.713 0.453 21117.1 -111.031 .039 269.3 26.9 .. 900 301.9 31. .732
9.000 34.23 3001 Oe1 -320.62 .52 293.5 25.. 15.503 309.9 519.3 1.151

30.00 733 * 4.5 013. 33050 2 97.3 , 24.9 .07 313.6 322.0 1.2
11.000 63.325 3.ftOO 1959.3 -323.21 .493 300.2 251a6432. 2. .6
32.000 -la *3 13.101 3930.2 -327.32 .305 303.0 27. 7al 13935. .9
13.000 3(0:.34 2.351 894.0 -320.3 .48 305. 22.7 1.975 314. 36. 1.80"15000 12.5 .3 323-0.4 .49 309.7112.1 9.239 3. 3. .216.00 33.345 2.106 11042.1 -373.03 .413.5 22 9.5 316. $332.0 1.831
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19.000 1"1253 .)SIM*7933.0 1756.93 .313 316.2 20.3 1113021 35635. .5

20.000 103.930 1.41 1112.:0 -171:.52 .4'12 311.6 19.6 12.021 33. 1.057
23030 36.9 3.2 3525-7.4 311.6 1.53.19.303 1.622.002 209.03?1.I*432 3670.1 -129.31 32. 19.2 0339 339.2 1.067

23.000 222.313 1.34? 16356.7 -330.13 321.0 10.9 34.03 300. 17
"2.0026.01 ,:2271 1640., 309 322.2 10.14.9 54. 3.1

2500 49.3 1.22 :42.6013.5 320.2 161.- 15.332 331.3 3.960
25.000 2t3.193 1.14.0 1609.1 -342.39 324.1 3523092 332. 0.8

21000 27. .5 503.3.1 303.0 10.01 6.5601 333.0 7 1
20002510.535 1..33 156.9 -41,33 .60 3593, 1.3433.6.9

1294000 314:23 1A 5 136 149-34.26 326.1 11.5 11.5164. .9
30.000 33.4 I 93 1056. , 4 -033.54 327.5 11.3 15.0109 3*.9 I* 9
31.000 331.136 .004 1544.3 -13.6.0 321.2 17.,3 3903 3 1.90
32.00.0 335.0234 1.06 1933.3 -3.93 31. 9 017.3 3.45334.0 1.90

13.00 359.231 .51301 3322.0 A334 2. 692.1 9. 1.9014
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35.0000 42.10, .13 1424-3.6 33.a622.9 345.1 .2
39.000 439.907 M1.40635.1 -339.15 33. 35'.1 2353 34.3 12
5000 45.3 .5 3491 .339.5 333.27 16.0 23.2690 309.1 3.923
4.0. .00470.62 .031 036. -339.91 330.2 30.9: 24:.90330. 91
42.0 340.224 .037 3433.1 -130.35 33. 3062.4 300. 1.2

43.000 31913:a .395 1420.0 -370.012 339.2 30.1 26.392 350.0 1.9133
44000 5171 .1 1.42. -131.26 33. :3. 4.53,5. 1.933

35.00 033.12 .5211.A -0.2 361 1. 21.6 35. 1.3
35.0 549.73 ? 4 141. -916 353 0.262931.9 1.933"3000 50.6509 .530 1301.4-9.0 3.9 0. 2614 3923 1:.930
09.000 59.3 .9316. 121 3. 53 30.5235.1 .4

30:003 634.934 .466 136.-3.0 330.2 350. 30.691 3513.3 1.943,
0.93 30.434 33.594 3460.:7 -9.93 ..... 25.3 331.0 2.302 25. 37. M203 N9. 1.202 1.642093, S94 210.-ago-
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PRESSURE PROFILF CATA
SYSTEM bI•U0 8IPMOPELLANT PC 300. PSIA
COMPONENT TREF FORMULA DENSITY HEAT FtR14 WT. 0/0

CEO K GM/CC IKCAL/F(I-R.WT.)
LOX 90.2 02 1.1b - 3.08 12.5
RP- 198 CH1.913 0.l9C -6.92 21.)

bUlK nENSITY - 1.021 GM/CC
PIXTLRE RATI - 2.636 LB CXIDIZEK / LB OF FUEL

PRESSURF PROFILE CATA

LHAPHEK ENTROPY 271.93 EU/IOOl•bi

CHAMBER THROAT

FROZEN EXPANSION
PHESSLR k PSIA 300.0 125.7 .2.66 22.06 I1.10 9.2.' 1•0P13 1.623 .68O .2 85 .119 .050 167.3
TEMP, DEG K !b9S.1 2908.2 2bk1.9 2165.2 2003.9 1432.3 154.4.0 1291.6 IOr.6 885.6 124.6 H.8.0 1146.4 -.
ENTHALPY I-1 2C.S9 44.64 6b.17 02.64 89.86 97.4? 109.9R 120.49 124.26 136.?2 141.49 |1.1.35 57.1s
CP .4180 .1.70 .. 6I? ..512 .bbb9 .4392 W1i5s ..100 .3942 .5780 W36•C .3k9% .4 r
IPPUL OPl 144.64 196.93 232.54 245,51 258.61 27$.1.7 949.•I 0?0.11 317.b, 3211.•5 3;.CS 120.04
IPPUL VAC 221.41 24b.00 268.91 275.k1. 2`11.91. 299.6 311.04 Q20.'5 327.94 331.92 336.66 21r.45
EPSILON 1.01.9 1.568 2.695 5.514. 4.090 9.115 191.2;6 32.769 62.1.63 I1895 225.961 t.OOU

SHIFTING EXPANSIO%
PRESSLREO PSIA 3co.0 125.1 S2.66 22.06 I1.l0 9.21.1 4.P73 1.623 o0to .2.% .119 ,0j0 173.4
TEMP. DEG K 3495.1 324.12 3015.1. 2F99.3 2699.3 2582.9 23.7.2 2081.8 l0ll.. 1563.6 13I.6.9 1161.2 3154.O
EhThALPY I-) 2C.59 45.33 61.79 88.23 97.1 106.02 123.63 148.59 Io1. 6 164.01 1 72.Id Iti1. 19 A6.1.0
X BAR 4.298 1.199 1.108 4..029 3.996 S.961 3.91h 3.1396 .890 3.PE9 3.080k 3.88 k.251,
h 4.298 1.199 1.108 4..029 3.996 3.961 3.91p 5.096 3.890 5.889 3.88 3.0A' 1i.2 $4
CP 1.813449 1.761.4 1.603t8 1.3508 1.2023 1.0200 f103f .52e1 .4.614 .1.525 .1.50 .451`2 1.8021
IPPUL OPT 146.10 202.81 242.51' 258.05 2f5.90 299.39 320..0 W33.10 151.99 365.W 6 31..18 117.4d
IMPUL VAC 226.91 25ti.k9 2b2.77 294.19 S06.21 375.911 542.211 55.1`. 366.93 376.30 341.?2 221.3(
EPSILCN 1.066 1.675 3.041 4.W| 5.131 11.4b 22.b1b 44.291 8?.516 174.0,6 53..670 1.000

COMPOSITIeN SHIFTING I"01L/I00 GMI
170.89 C .CCOO .0000 O0O0 .0000 .00o .0000 .0000 ,OuOU .000C .0000 .0000 .0000 .0000
1.2.00 C-H .CCO0 .0000 .0000 .0000 .0000 .0000 .OCCO .COCO .OOCO .COOC .0000 .OC O .0000
-2.9C C-h*C .CCO3 .OCCI .0001 .OCO .0000 .COO .00CC .COTO .OOCO .0000 .00C0 .CCCO .0002
6?.OC C-H2 .COO0 .0000 .Oco0 .0000 .0000 .0000 .0000 OOUO .0000 .0000 .0000 ,OO00Uo .00

-27.70 C*1290 .CC(O .0C00 .0000 .0000 .OOCO .0000 .0000 .COCO .0000 .0000 .COUC .OOCO .0000
51.91 C.IC .0000 .OC0 .0000 .0000 .0000 .0000 .0000 ,OOCO .0000 .CCCO O OOCO .0000 00010

-17.89 Ce.1 .C0Ov .OCCC .COOO .0000 .OOCO .C00O .OCO .COL0 .COCO .0O0C .C00C .OOGO .0000
-26.42 Cal 1.3Il0 1.2614 1.1910 1.1250 1.0971 1.06?2 1.0219 .9901 .Vk1l .59uo .8121 .7136 1.2819
-94.05 C0.2 .6349 .705,t .f62 .8122 .8702 .8991 .91121 .91f2 1.0192 1.07711 1,1I.6 1.2537 .6792
199.00 C2 ,COOO .CCOO .0000 .OCO0 .0000 .0000 .0000 .0000 OOC3 .0OCCO 0OCC COOO .0000
112.IC C29- .OCOo .OCCC .0000 .0000 .COOC COCO .00 .COCO .000C .000 .0000 .0000 .000o
54.19 C291,2 .COO .0000 .0000 0OQO0 .0000 .0000 .0000 .0000 .0000 .0000 .IOu .0000 .000u
12.50 C2*-1 .COCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .COCO .000C .0000 .0000 .0000

189.7C C3 .CCOO .COO0 .0000 .0000 .0000 .0000 .0000 .00(0 .0000 .000C .30o(0 .OCO .0000
242.30 C4 .COO .OCO0 .0000 .0000 .0000 .0000 .00C0 .00 0 .000O .0000 .OOCO .OOCO .000
52.10 1. Ib86 .1269 .098? .0730 .0615 0Okb8 .0261 .0095 .0022 .0003 .0000 .0000 .1312
9.33 9*-O .29C) .2250 .1642 .1087 .0851 .0609 .0212 .00,4 .0006 .0000 .OOCO .0000 .21.76

.•00 H2 .3537 3:1S3 .3129 .3003 .29?0 .2962 .3050 .52$i .3155 .131.2 5111 .6108 .392
-57.80C -2*0 1.35429 1.414l 1.4?72 1.5300 I.5506 1.5101 1.59fI 1.5809 1.54411 1.1867 1.4094 1.3103 1.388V

59.56 a Ct'kl .09199 .0306 .0161 .0109 .006S .001l .00co1 .u00 .0000 .0000 .0000 .0582
.00 e2 .1115 .051 .0!811 .033!S .0234 .0138 .0030 .0002 .0000 .OOCO .0000 .0000 .0950
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PRESSURE PROFILE DATA
SYSTEP LICUIO BIPROPELLANT PC 300. PSIA
COMPONENT TREF FORPULA DENSITY HEAT FORP WT. 0/0

CO' K GM/CC IKCAL/FORM.WT.)
LOX 90.2 02 1.14 -3.05 75.
RP-1 295 C*HI.9S3 0.s0 -6.92 25.

IULK CENSITY - 1.031 GM/CC

PIXTURE RATIO - 3.000 LO OXIDIZER / LS OF FUEL

PRESSURE PROFILE DATA

C"IMBER ENTROPY 269.,91 EU/IOOGHS

CHAPSER THROAT

FROZEN EXPANSION

PRESSURE, PSIA 300.0 125.7 $2.66 22.06 14.70 9.244 3.873 1.623 .680 .285 .119 .050 167.2
TEMP. DIG K 3511.4 3008.7 2571.2 21900. 2029.6 1558.S IS69.5 1315.1 1099o.6 910.6 748.1 609.7 3166.1
ENTHIALPY I- 19.59 42.72 62.51 19.39 56.40 93.76 105.91 116.15 124.72 131.85 137.73 142.54 35.52
CP .4635 .4563 .4481 .4382 .4332 .4269 .4141 .3997 .3846 .3690 .3545 .3407 .4S5T
IMPuL OFT 141.85 193.22 225.05 241.08 254.00 274.03 259.83 302.42 312.50 320.55 327.04 117.71
IMPUL VAC 217.22 240.51 262.21 270.99 250.00 294.38 305.99 315.34 322.85 325.87 333.67 213.29
EPSILON 1.049 1.S71 2.706 3.562 4.921 9.195 17.426 33.253 63.606 121.583 231.839 1.000

SHIFTING EXPANSION
PRESSURE. PSA 300.0 125.7 52.66 22.06 14.10 9.244 3.873 1.623 .680 .285 .119 .050 173.1
TEMPS DEG K 3511.4 3272.4 3059.6 2067.3 2753.2 2690.7 2524.6 2361.9 2159.5 1983.3 1746.2 1518.9 3357.1
EhT1ALPY 1-) 19.59 43.39 65.08 84.93 93.64 103.16 11q.93 135.36 149.51 162.37 173.78 183.75 34.87
x BAR 4.110 4.011 3.919 3.834 3.797 3.756 3.65S 3.622 3.$73 3.545 3.536 3.535 4.047
N 4.110 4.011 3.S19 3.834 3.797 3.756 3.685 3.622 3.573 3.545 3.536 3.535 4.047
CP 1.9993 2.0156 1.9511 1.9180 1.8637 1.7841 1.5762 1.2725 .1527 .5599 .4533 .4313 2.0142
IMPUL OPT 143.58 198.93 236.42 253.80 26q.62 295.44 317.34 336.19 352.43 366.2S 377.90 115.26
IMPUL VAC 222.76 251.04 278.28 28q.79 302.02 322.66 340.65 356.31 369.68 350.53 390.19 217.17
EPSILON 1.066 1.65l 3.069 4.160 5.954 11.938 24.398 50.262 102.530 207.467 417.268 1.000

COMPOSITION SHIFTING IMOL/1O0 GM)
170.89 C .00C0 .0000 .0coo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
142.00 COh .0000 .0000 .OCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-2.90 COHNC 00CC2 .0001 .0c0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001
67.00 COH2 .OOCO .0000 Ocoo .0000 CO0 .0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

-27.70 CON2aO .0CCO .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
31.94 CoN3 .OOCO .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 O0CO .0000 .0000

-17.89 C*H4 .00CO .0000 .OCOo .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 -.

-26.42 COO 1.0716 .9898 .9C69 .6240 .7659 .7430 .6657 .S9S3 .5376 .006 .4750 .4426 1.0202
-94.05 CO02 .7167 .7986 .5815 .9644 1.0026 1.0454 1.1225 1.1932 1.2S09 1.2875 1.3134 1.34S9 .7651
199.00 C2 .0000 .0000 OCO0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
112.10 C2oH .00co .0000 .Oco0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
54.19 C2*H2 .00co .0000 .Ocoo .0000 .00C .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

* 12.SO C2*H4 .00co .0000 .Oc00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
189.70 C) .00co .0000 .Oco0 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
242.30 C4 .00CO .0000 .Oc00 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.10 1- .1319 .1078 .0871 .0692 .0617 .0537 .0401 .0279 .0169 .0073 .0019 .0003 .1163
9.33 MOO .3431 .2507 .2246 .1747 .1535 .1306 .0919 .Oso .0259 .0084 .0011 .0001 .3030

.00 1-2 .2375 .2155 .15q9 .1779 .1700 .1617 .1478 .1372 .1323 .1392 .160s .1931 .2236
-51.50 M2*0 1.2714 1.3363 1.3147 1.4466 1.4658 1.4926 1.5326 1.5663 1.5912 1.5994 1.5544 1.5531 1.3131
59.56 0 .1044 .0813 .0591 .0412 .0341 .0269 .015O .0077 .0025 .0003 .0000 .0000 .0907

.00 02 .2298 .2011 .1695 .1361 .1201 .1015 .0660 .0369 .0128 .0016 .0000 .0000 .2121
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PRESSURE PROFILE CATA

SYSTEM LIQUID bIPROPELLANI PC S00. PSIA
CCIPONEhl IRLF FORPULA CENSITY lEAT FCRY 1T. 0/0

.0EG K GM/CC IKLAL/FORP.WT.)
LOX 90.2 02 I.l -3.08 11.5
RP-I 298 C-H|.956 0.80 -6.92 22.5

bULK CkNSIIY - 1.041 GN/CC
PIXTLRE RATIO - 3.144 Lb OXIDIZER I LB OF FUEL

PRESSURE PROFILE CATA

CHAMBER ENTROPY 261.62 EU/IOCGOS

C0AAPBER THROAT

FROZEN EXPANSION
PRESSLRE, PSIA 300.0 125.7 52.66 22.06 18.10 9.244 3.873 1.624 .680 .286 .119 .00 161.6
TEMP. DEG K 3494.2 299t.8 2566.9 2190.u 2031.3 1861.9 157S.s 1326.1 1109.C 921.0 169.0 620.5 3155.j
ET1HALPY I-I 18.60 40.66 69.S6 75.72 82.43 89.49 101.16 111.02 119.29 126.18 131.88 166.b6 33.15
CP .4486 .1#415 .4336 .4242 .4195 .4136 .1016 .380 .V731 .S5n9 . A1649 .3i13 .144.3Y
IPPLL OPT 138.54 188.78 222.92 235.65 248.54 268.01 283.S5 295.96 305.93 113.91 320.35 114.7.
IPPUL VAC 212.21 235.06 256.36 264.99 213.85 288.Cl 299.47 308.12 316.11 322.16 3k6.95 2CR.3i
EPSILCN I.060 1.574 2.711 4.575 4.943 9.251 17.565 3S.593 64..118 1;3..475 256.112 1.000

SHIFTIN6 EXPANSION
PRESSLRE. PSIA 3CC.O 125.7 52.66 22.06 14.70 ?.2164 3.073 1.o23 .6b0 .2m5 .119 .050 174.1.
TEPP, CEG K 3494.2 326C.8 3053.4 2867.1 2786.7 2698.0 2%462.5 2397.5 2260.2 2127.8 1995.4 189.1 45413.4
EATHALPY I-1 1e.60 41.29 62.01 el.00 89.33 90.46 114.5e 129.46 141.27 156.06 1Of.hi 18.eil 32.99
X BAR 3.937 3.8117 3.15k 3.671 3.634 3.591 3.523 3.4517 .398 3.314 S.247 .. 261 .h117
h 3.937 3.842 3.154 3.6f1 3.634 3.594 3.52$ 3.4517 3.398 3.344 J.297 3.257 5.8•7
CP 1.9795 2.C161 2.0236 1.9991s 1.9756 1.9396 1.8462 1.7152 I.S524 1.550 I..1340 .H91i 2.00u5
IPPUL OPT 140.52 194.34 232.99 241.C7 263.59 288.97 310.56 12Y.31. 345.dl 460.38 Sf3.31 111.90
IMPUL VAC 217.60 245.32 272.05 283.36 295.40 31b.76 533.66 349.4V 363.59 316.16 367.35 212.10
EPSILON 1.068 1.686 3.082 4.181 5.990 12.046 W4.755 51.620 108.692 230.20I 486.216 1.000

COMPOSITION SHIFIING IOCL/I00 61-
170.89 C .CCOO .OCO .0000 .0000 .0000 .OCO0 .0000 .OOCO .0000 .0000 .0000 .0000 .OOU
142.00 CaH .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-2.9C 0*14* .CCOI .0001 .0000 .0000 .0000 .0000 .0000 .OCC( .0000 .0000 .0000 .00CO .0001
67.OC C.h2 .CCOO .OOc0 .0000 .0000 .0000 .00CC .OCCO .00C .OOCO .0000 .0000 .0000 .0000

-27.70 C.-2*O .CCOo .OCCO .0000 .0000 .OOCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
31.94 C.h3 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .O0O0 .0000 .0000 .0000 .0000 .O00U
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-26.82 CeO .9329 .7401 .6636 .5784 .53H .01942 .4119 .3324 .2569 .1e65 .1229 .0681 .7806
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12.50 C2*14 .COco .CCCO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

189.70 C3 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
242.3C Ch .CCOO .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
52.0 14 I.IS .0b26 .0665 .0521 .0410 .0409 .03G8 .0223 .0153 .0096 .O003 .0023 .08941
9.33 "e0 .363b .3036 .2500 .2027 .1826 .1612 .1254 .0946 .0686 .0410 .0296 .0164 .3254
.00 12 .1586 .1406 .1237 .1078 .1007 .092d .07or .0650 .0520 .0397 .0260 .0112 .1473

-S7.80 142.0 1.1806 1.2580 1.2898 1.3363 1.3564 1.3779 1.1•1'1 1.4483 101718 1.5038 1.5261 1.5.52 1.2111
59.56 0 .121 .1C36 .0196 .0600 .0521 .04140 .0311 .0211 .0131 .Co08 .001.0 .0016 .1138

.00 02 .3905 .3641 .3344 .3020 .2862 .2618 .2324 .1965 .1609 .1262 .0931 .0650 .3?15
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